US009242000B2
12 United States Patent (10) Patent No.: US 9,242,000 B2
Cheresh et al. 45) Date of Patent: Jan. 26, 2016
(54) MICRO-RNAS AND MICRO-RNA (52) U.S. CL
INHIBITORS TO MODULATE BLOOD CPC ...l A61IK 45/06 (2013.01); A61K 31/713
VESSEL GROWTH, PATTERNING, TUMOR (2013.01); CI2N 15/113 (2013.01); CI2N
GROWTH AND MALIGNANT DISEASE AND 2310/113 (2013.01); CI2N 2310/14 (2013.01);
METHOD FOR MAKING AND USING THEM CI2N 2310/141 (2013.01)
(38) Field of Classification Search
(71) Applicant: THE REGENTS OF THE None
UNIVERSITY OF CALIFORNIA, See application file for complete search history.
Oakland, CA (US)
(56) References Cited
(72) Inventors: David Cheresh, Encinitas, CA (US);
Sudarshan Anand, San Diego, CA U.S. PATENT DOCUMENTS
(US); Sunil Advani, San Diego, CA
(US) 2008/0166344 Al* 7/2008 Nakaharaetal. ......... 424/133.1
_ OTHER PUBLICATIONS
(73) Assignee: THE REGENTS OF THE
UNIVERSITY OF CALIFORNIA, Yamakuchi et al. PNAS 2010, vol. 107, pp. 6334-6339.*
Oakland, CA (US) Finnerty et al. J. Mol. Biol. 2010, vol. 402, pp. 491-509.*
( *) Notice: Subject to any disclaimer, the term of this * cited by examiner
patent 1s extended or adjusted under 35 '
U.S.C. 154(b) by 0 days. Primary Examiner — Tracy Vivlemore
(74) Attorney, Agent, ov Firm — Gregory P. Einhorn; Greer
(21) Appl. No.: 14/057,235 Burns & Crain Ltd.
(22) Filed: Oct. 18, 2013 (57) ABSTRACT
(65) Prior Publication Data In alternative embodiments, the invention provides composi-

tions and methods comprising use of microRNAs and
US 2014/0127284 Al May 8, 2014 microRNA 1nhibitors to modulate blood vessel growth (an-

Related U.S. Apblication Data g10genesis ), €.g., act as anti-angiogenic agents, and modulate
o+ APP cell and tumor microenvironment patterning, cancer cell and

(60) Provisional application No. 61/715,422, filed on Oct. tumor growth and malignant disease (metastasis). In alterna-

18, 2012. tive embodiments, the invention provides compositions and
methods that can sensitize blood vessels, e.g., tumor blood
(51) Inmt. CI. vessels, to radiation and agents and chemotherapies that
CI2N 15/113 (2010.01) cause DNA damage_
A6IK 45/06 (2006.01)
A6IK 31/713 (2006.01) 20 Claims, 22 Drawing Sheets



LI CE N N C O C N N N C E N C N R C RE N C N E N C N N N

L ]
. -n._”- A

L | | || L
R

US 9,242,000 B2

u
A AR i
ER R R .
P I ll o
Yta e e - ﬂii liH o T N A
Ll N = R a0 )
S A A >~ B M Py
.._.4._._.__..4.4._...4.4.__.._._.4._...4._._.44.4....4.4....-.4....4.-...4.4.-.44“.-.4....41.__.. a . -_l"- i a .4._..__..4._.q._...4.4.__.._._.4._...4._._.__..4.4....4.4....-.4....4.-...4.4....44....-.4....4.-.
R R R R R R RN ) lIii l\i B R R R W R W R R RN )
W U O O U O R A R R A A R M R M R M S M
B R R R N R N R
E S U B Ol Sl N R L B S S S S S
W R R R M
AR R R R Rk Ak k k &k k& & k& & k% &k L S S S S NS SN S SN S SN N
B R R W
e Sl 3 L e e
B R R R R R R R R R R W e A
E S SN S SN S SN SN SN SN S N LSO S S S S S SN S SN S SN SN
s a s a a a s e )
E S S S S N SN N L S S S S S S SO S S sl s
W A e W R R R R R R R M R )
2T TR S T T S T T T T S T S T i L A R R R A A M M
S e N S N R N ) N S R N S N M
L S S S R R RS S ) L L S S S SRS R RS S
A R
LR R S S NSRS S SN S S S SN N ) WA R R R R R Rk
AW R AR A R R N S S N S N U S U M
L a0 W A A A
O R R R R R R RN R R R R N M R )
LR RO S SN S SIS SN S SN NN LR S S SRS SRS S RS S R S S MU S
P e s M ) o M e
L S S S S S S Sl ) L S S S S S S SO S S sl s
AR R R R R R R M )
L R R R A A M WO O A A W R Rk
s R N R N R N ) L R N N N R NN
LS S S S S S SN SN S S LSO S S S SRS RSO S S s
P M R R ) S e R )
WA R R R R Rk kR kR Ak k& Rk kR kR LS R S R SRS S SO S S S
AW R AR A R L R S R N R R N R
L a0 Ll s s sl a2l
O R R R R R R RN R R N R R N R R R )
LR RO S SN S SIS SN S SN NN LRSS S SRS S RSOSSN RS S SN a
P e s M ) s a a
L S S S S S S Sl ) L S S S S S SO S S Sl
AW W W W WA
L R R A A A M L R R R UM RO S M s
e e S R N e N e N ) WA R A Rk
T s aTaTa A e lalala e lh e e NN M N N NN NN NN R R
N e s e sl e e ] WA A R R R WA R R .
N N a  a a  a ar a a araa e o ar a a a aC a al at aa al sl sl N Ca U sl a3
B g g L R R R N R R N M) R R M R R N N
N N RSN S S SN S SN S N S N N L RO SC S SRS SN SO S S SSC S SESC S S
e e e e el s el sl s el s ] a0 e e )
NN P ) S S S SN S SN L S S S S S NS SN S S 3 ]
CEaE S e ey ) R R R R R L R R R MR R )
e et A A A A R A L A R R A M N
K i i i e B R W L N S N M S N W
) o R L S S S U R LS S S S S SN S S S S S N
e el ) W e R R R
) e e e L S S S R ) L S S S S S S SN SN NN
U ) N N N WA R R LR S SN S N U S A SN
e N A e e e A B N ) sl
el ey e R R R R R O RN R
XA T LR S S R R ) R S SO S S SR S S S R
sl als i e W e - a3
dr o P ) L S S S S R N L RO Sl S S sl 3 )
. [
TH&H#H...H...H# o H#Hkﬂ*uk.q.... ..T__._ S 0 L A el .. ____t._...4____4.”4H4“4“4H4.-...“4”4“4“4H4”
) dr e TR R R
el el s P e N
) I Ty
U ) X e e .
e CaE ol )
i X
Xy )
sl als o i e
..H.qH...H...H...H..........;......... xx ...H...H...H...H...H...H...H...H.
7- U X e e
) )
e el P
) I
U ) X e e
e ol )
2 el ey X X
Xy i
e s s e s e sl s el s ]
) X )
;..-...:......;......;......:........ .-............ .....;......;................-.........b.....b...... P o S Ol T S S o T o T T T Sl VRN Wl VALl W Sl Sy T S Al Wl A S
i odp A b A i e o Jrod o b e b doode b de e de e de e b de de Jr de O B Je de dr de Or B de de Qe de Or b de de dr de Or b de de Qe de e b e be Qe dr O 0 B b 0
drodr dp dr A drodr dp dp dp A Jrodr dr dr e dr o dr Jr dr Jr dr dr e & dr dr dr dr dr dr dr Jr dr dr dr dr dr dr dr 0r dr dr dr Jr Jr O e B dr & dr B dr dr dr dr Jr 0 O 0r Jr 0 O 0 O O
[ i Sy Jr o dp A dr Jdp A Jrodr dr e dr dr Jr dr O Jr dr O Jr Jr b dr
f o el o F e S S S A S S gl x
S o i i i o . x>
Ll e e e ) N o a  k a a )
XA N e e e ¥
....__......._..........................._. .._............................................................. S Tl il S T i e gt
...-...:......;......;......:..... .;......;................-.........b.....b..... .1._1..1.._ .T.r.t.._ .r.r.T.._ ..1..1..1.._ .T.r.t.._ .r.r.T.._ ._1..1 >
i 4 i A dp i dp dp gy e dp ot F o dr e drdodr do dr de dr dr dr b e b I
I oA g dp & 0 4 4 Jrode dr dr dr B Br B de e Jr Jr Jr B Jr B dr Br dr e de Jr dr Jr dr Br Br 0 Or 0e Jr Jr Jr Jr B Jr O dr 0r 0r O 0 &
[ ) Jrodr dp dpr dr Jdp dp . e dr dr Jr Jr dr Jr dr dr Jr e dr Jr e Jr Jr e dr Jr e Jr Jr Jr dr Jr e Jr Jr e Jr Jr e O Jr e O O e O O Jr e
b odr A dr Ay Iode dp e dp o dp Ay b b b b o b brh b b o b o h b b o b o h b h bbb doh b h e b b h b h bh bh b d I
i dp A i dp iy dr g Jdp g e g dr F o dr de drode dr e dr dr Jr dr Jr dr dr dr dr dr Jr dr dr dr dr dr Jr dr dr dr dr dr Jr dr dr dr dr dr Jr dr 0r dr Br dr 0r dr 0r dr dr dr Or O 0r O 0r O 0 O 0 O
O dp g 4 0 dp O Jrodp dp dr e dp O dp 4 Jr dr dr Jr dr Jr Jr Jr Jr Jr Jr Jr Jr Jr Jr Jr Jr Jr Jr Jr Jr Jr Jr Jr Jr Jr Jr Jr Jr Jr Jr Jr Jr Jr Jr Jr Jr Jr Jr Jr Jr Jr Jr Jr Jr Jr Jr Jr Jr Jr Jr Jr Jr Jr Jr dr Jr O
1 o dp dr dp dr dp o dr dp dp dp dp dp o dr dp dp dp o dr dpodr . F oo b e b e dr b b be dre e B e b e B e B e B Qe Br dr Br de B Qe Be dr Br Or B Qe Br dr Br Or B Qe Br Qe dr Or B Qe Be Qe Br Oe b Qe Br Qe 0 O 0 O
& & 0 & & drodr b oo P I N B I RN N R i RN I RN N RN N I B I N D O R I RN N R N R N R N RN S R I R N RN O B N R N BN O R N R N R R N R N R S
ir dir Jr dr X i Jr dr & I odr b bbb S o od S d i S od i i i b i ki il i i i i ddd idd ki i ii i i i i i ik ikl
& k ik K K r & ki B R N N N I N T I L N R N T N N R U R T TR D T U N N NN TN T NN N U R U R T I NN I N U I U I U
q#k##kf&##k#. F d dr de dr dr dr de dr de Jr dr B de dr dr Jr dr B de dr dr O Jr B de dr Or O 0e O 0 0 O 0 O Jrodr dr dr e dr o dr B dr O Jr O O Br Jr Or O 0 O
S dp g Jr dp dp Jp dp g Jr dp dp Jr Jdp dp Jp 0 dr A b & Jr b Jr h S & Jr b Jr k Jr & Jr & Jr Jr o Jr Jr & Jr h Jr & Jr b S0 b Jr O e & Jr b Ak b & Jr b Jr k b & Jr b Jr h b & Jr M
t _...._.._...._......._......._......._.._...._......._.._..#b.#}.k##}.##k}.###}.k##}.##k. N N N bbb de o b b de be de o b e b e b e &
e e e e e T e e x x> -
N ‘
N e e e e sl e e ] x>
e e e e r e Ly e ey e
e B *
Xy )
el o i e x> r
o
ST S s o T e ¥ ¥
e e Ly Ly ok ko ke ke oa s
W i e e e X e e e
W e e e T T e A
._..............._.........._..._..._....._.. ................_......_..._.._............._......_.......... e L e
a4 dr 4 X Jrod dp dr 4 dp dr 4 ol b dr o dr dr dr Jr dr dr Jr e dr Jr dr dr Jr e Jr Jr dr Jr Jr e B Jr e dr Jr e Jr Jr e Jr Jr e Jr Jr e Jr Jr Jr B Jr Jr O Jr e O Jr e O e & e
_...._......._......._..................._. .................................._..........._.......... L e e e T O e N S S S S I S T S e e e e e T T T N )
i ey i i e
) o d o d d ar
R ) XAk
e X P el )
i d e W e e e
S ..H#H...H......k....q.......q.....r x kaH*H#HkH*H#H...H*H.
s L N N
X )
Py X
X X
el o i e
P X
K ixy o
..H...H....q... T
Pl
)
Ky
..H#H.q
a
)

B
e
..H#H...H...H*H W N
i

X

el

..H.qH...H...H.q#... P

U

P

N

EEa
X kK

it

a
X

Pt
Eals

oo ar oo
g
*Jr:lr:lr*lr*# EaE

X ok k kg kK kK

i
T
i
¥
™

e e

o
i

ax

X X X K X
ity
X

...H...H...H...H...H...H...H....
a T e a
X e e by e
iy RO
Jrodp Jr dp Jpodp Jr oop 0roo L N L L

*H._,..,_.*#...fﬁfﬁnﬁ.«uﬁﬂﬁ&nﬁ. T
X o
.._.

i
)
X
X
X
)
)

!

Fal el Sl
s
X
s

i
D A S e

i
)

-
X ¥
™
)
L)
o

)

i

i
s
Ly

-
™

i

)

a o
¥

s

s
xRy

x
i a
)
)
X
i

X
)

a-a-fa-:a-lra-
s
X
P
P
¥y
P
JrJrJr*:*JrJr
Pl
i
P
o
s
i
X
i
X
¥
s
i
X
i
I

¥
PN
o

)

-
EES
s
P
X
Nt ko
Pl
i
X
i
X
o
o
X
x
M
¥
i
X
i
i
¥

X x

.._.
.“_....... x .......“_.....“_.....“_.....“_.....w....

Xy

X
o d o d d ar
L,

)

-
L]
L]
[}
»

*a
-
L]
[}
-

R ot e et e

bt b

FFFFFFFFFFFFFFFFFEFEF

Jan. 26, 2016

U.S. Patent
A
Q
-
-
S
L



US 9,242,000 B2

Sheet 2 of 22

Jan. 26, 2016

U.S. Patent

*

Ll
-
-
ta
-
-
i

*"f"

L MM N N N
X S Tl Sl el B S ! el S Sl Bl
Jrde dr dr dr dr de dr dr dr dr O 0e 0r 0r O 0 O .
I i b & P O N U O
b b b ke de b b do b do e b e b b b k.
J d d dr dr dr i dr Jr dr Jr 0 0r 0 0 0

i W i

X d b dr d drde g do de b de de b de de de dr
i
r

[y
L)
™

ax

:"q T
L)
'rklr
L]
L)
L]
L]
L)
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]

ax

drede b b b A b b A b b S b b b e A
ar b oA o0 ar b i
rror rror

T

T T
g i i i )

CR R R R )
+ Pt L

L) L3

KRR L)
L) *

)

)
)

o « o
. Pl *aa ]
P
“Ew [y

St N
:-.T.l..fb..fb-.f.l..rb..f.l..f.l..fb..—.lll1lll1lll1lll1lll
iy e
”t.;..v”.r....t”.r....rnt#k”.—_..-1.-.1.-.1..-1.-.
T.T”.T*.TH.T*.TH.T*.T”.T*.II1I1 rr Fr rrrr

8 8 8 _ N 8 _§N_ 8 8 7

e e e
et ..1.”..q.__.._q.__.._...___._q.__.._q.___._q.__.._q._..._q.__..__..___._q._...r
st
L )
N W
A A
et et e
R A
Tt
O A L Lt At e
N W
M
atata e e
A L a0
S N M
Lt )
A
B L L A
N e W
R A
N M
L I AL Lt AL MLt

__.H.___H.4”.__.H.4”.___H.4“;H;H#H#H.-H...H...H;H...H&H.._”L.
S A R S N N
L RE S 3 RE N S 0 NN S N )
L A Rl W
L e 30 O Sl SN N
LN A N N N
B e L e o A M i A N
W
e e e e e e e it il Ak
L e A W
e S ey i
N S M A N )
L N el N
S S S e iy
ENEE NN S 30 0 M A A0 B A )
e e e e s N
Vo e et e e
N o S R R ]
L el el N
e i
N S M A N )
L Nl N
i el e ol o o ol o o
_..4.___._..._.__4._..__._._._4.___._._._._”___”.._ Hﬂﬂ?ﬂ?ﬂﬂﬂ?ﬂ#ﬂﬂﬂ?ﬂﬁﬂ
L] oL N N A MM N NN,
__.H.___ o .___“.___H.___ .”r.xn”n”n”x”u”n”n”n“
A R N o o .”#.r .”Hr.nmnr.u
b h s h s

i

tttht.rtt#.q....q.q.q.q.q

i
x
'
i
i
L ]
L )
L
L ]
L )
E

L K

T
L
L}
X
r
X
L
]
»
L
»
]

r
L
i
)
i
)
)
i
L ]
L )
L
L ]
L )
&+ &
L ]

v
L
r
r
L
i
r
L
»
»
»
»
»
»
»
»
»
»
r

r - T
L B N R RE N N

.r.._..r.r.r.t.v.-..-..-..-.
e e
....4”.4.4.4.4...“
o R AL MM
L0 3 A )

PO N

Ty .
A AL
O

L
r
i
r
'
r
L
»
L
»
L
»
L
»

i
)
*
[
*
*
&

L}
L
r
L]
L
L}
»
»
»
»
»
»
»
»
wta ety

x
X
X
X
X
X

L

%
N
)
N
L

-
»
L

-
L]
L]

»
»

___..4”4 L}
F O o
&
™

¥ ar
¥ ¥
o

-
L

*
i bbb

LN )
P
LN )

T
o

L4
L)
'r‘r
L)
L]
L]
L]

ki

L4
L}
L}
L4
L}
L4
L4

i
i

i
L g
i

"
r
L
r
r
r
X
L
r
r

¥
x
X

oA
)

A b A A o A

-
LN

"
b

)

W

.

L
W
»

W

)

r

i
o '.
ol i dr

.
B
R LI A A L S
SHERENCRER AL Mt A sl Xl )
e e e e e e e e e
.

.-.
s T T T T T
...1.1...1.1......_..__..__..___.__..___.__..__..___.___.__..__..___.__..___.__..__.r
.44....4.4.4.44....4.

e )
)
L)

L] o h k h

et
. LR ALt Al A
L )
N W
A A
et et e
L
L a0

66w
2664
96-4
€64
eCo-!
dg-988-Yitu
d€-988-ut
dg-GR3-M
i £ -4t
099!
dG-879-W
8T9-u!
R65-4
dG-065-4!
de-f7/ G-
6EG-H
dg-zES-H
dg-zES-Y
2075t
GOCS-H
G/TS-M
d5-105-Y
G6Y-ut
267 ul
/8-
de-G8y-i
731~
dG-Goy-Mt
dg-eSi-W
PS4l
Y hriat
BTTI-Y

ReTu3033

MM ACIC NN AN )

& & £ E

€ & £

= £

E &E &£ EEEEE EEEEEEEE EE £ EE

EFE S S N S N N L L L L L ]
ol M aC N
P 0 P N MM B B M
e e
e i
e B N M C N
N A
e S P g My
FrrFirFFrFFEFFSFFTFFEFEE -
L T T I TN RN N BN NN N N N U U ]

i

LI X XA
T .r.:..r.:..rb. .HHHHHHHHHHHHHHHHHH
el ity .r.r.r.....r.... .HHEHHHHH!HHHHHHHEH
il it .T.:..T.:..Tb. .HHHHHEHHHHHEHHHHHE
e e e e e P P P P L
I b e b dr b b o A ke b
E N I I R
J ok b b b b de b b e ke b b
A od b dr A de b de dr de b b de A b b A 0

L
ok
ook
ok

s
¥

dr e e e e e e e e e e

L4

X

¥
L}
r

i

s
L
L
L]
s

r
L
L
r
r
L
r
r
L
r
L
L
r
L
L
r
L
L

L]

Xk ko
'y

kX kXxkXx
i
i

e
weT
L)
NN

¥

e
S
Fk'r
:t:k ¥
N
Fk'r
:t:k ¥
N
Fk'r
:t:k ¥
N
F

X

J d dr & Jr Jr O U Jr O b Jr &
el kot a at al ol

L

ok

El
¥

L

Ky
ad
™

)

¥k kX
ok
o
¥ kik Nk
L
i
ik

R
T a e
S A
A R ]
”.-1 g (] .-..rl..rl..rl..rl..rl..rl..rl..rl..rl..._

._1.:..:. o e A A e
&

i i

P B A W A N N N N N N
dr e dp e dr e dr e SN A A
.-...r.....r.....r.-...r.....r.....r.-...r.....r.... .FHFHPHFHFHPHFHFHPH
dr de de de A e e 0 Qg ol i i i i
.-...r.....r.r & & Jr

o
-
-
-

x
a
: W L
R0R080808
e
O A A
”.4.___.__.4 S
A
P A

-
* .4“.__. L .4H.4
Tt a et -

I.TJ.T-.TJ.TJ.TJ.TJ.TJ.T-
NN K N
....r.;..r.r.r....r.r.r.;..r.r.r....r...
e N
....r.;..r.v.r....r.t.r.;..r.t.r....r...
L i
el n ol E aE C N
S N N M M B N
e e Al
u_.H...H#Hu..H*H...HkH*H...H.___H.._”...H.___H.._”...H.._H.._”...“..
e o A

Nl L O

.-_..r.._..r.r.r.-...r.r.r.....r.r.r.....r....

EA e A )
i Tt
....T ar b A o A

.'..T.T.T.T.T.T.T.T

& dr
E

PN
o
s
ok a
EE
PN
PN
PN

I I S R T T
ara e ta ke ottt
A MM MM MMM
gt e e A A MM M e
T L
e e U S B
oy N

-

L}

¥
R
¥
x

PN
L
s
ik
Xk
s
i i
F I

o i
....T
o

atar

Eals
o
L
i
I
X

& R
*b-b.‘.'.T.T.T.T.T.T.T.T.I

L
¥
L N
L L
* i ¥ i
L) L]
s
¥

i b b oM b A o b A

rrrrrrror b

R
.__..T....r.r.t.....v.r.r._...t.r.v.....r....
N N
....r.;..r.v.r....r.t.r.;..r.t.r....r...
S

T R
e o e MMM e N NN N e
R N M R
BAAR A AR A e
b e MR MM NN P
T M M R R
EUECRCEEE R RN de e ey de e e e
Fr e e e or e BOE R A K& & X & &
NN N B T A M M M B e A N
BTN R R
T Tt T AR R A A s
RN LB I T T A M M B i M
N R N R

Ll

r s r mr = r
.T.:..T oA o A
.T.:..' rdr o
.T.J..T oA o A
.T.:..T dr odr b o0 M oW
.T.:..T b b oA b
.Tb..' oA o A
.T.'..T dr odr b b M N
.T.:..' rdr o
.T.J..T oA o A
oA A o b S N

X
)
o

R
N
Xy

Xl
Xy
Fk'r
X

ki kK
Kok kok

X &
L

Pl
LN
PN

L
¥ kk Nk
EaN
]
L
s

L)

i
e e e e e e

* ¥ i

*
LN
)
L)

Tily-dili

OTt-Y
z8¢-4
615-4
29LE-Y
B9/ £~y
Ot €-Y
ey £-Y
GOE-Y

2P E-Y
Ste-Y
de-zhe-Y
OFE-d
de-6£€-4
dg-6EE-Y
de-gE€-Y
dg-TEE-N
de-1€€-Y
Q7Y
de-HTE-Y
de-cze-o
0Z¢-4
TE-4
20¢-H
d0g-Y
267-Y
46Z-4
e6Z-Yd
dG-8T-Y
de-8Z-4
2/ 7-Y
qgc-d

& el

L

el

E EEEEEEEEEEEEEEECEEEETETETEETETETETETETEE

Lt

1.{i.iililililililililil{l‘lllﬁ

R

L)

S e e A e »

Z 21D+

L -I"-I
&

L ]

-

L .T.-..T

i

-
L )
»
L ]
B

a
a
I

o dr de de B de de o de de de de de o de B de dr
dr b dr b dr o dr b B b b B b .

L I e B

T
‘_'r
L]
o
'r'r
L]
L)
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]

P e
W e e
b U d Jp b b b drode Jr de Je de de b 0 0 dr -
bk ke ke ke b e b e e ek ke ke ke ke e e e
T T i
b b b b ok b drode b b b b b b b b droo

T

drodr dr B dr dr b o dr br e Jr o 0r dr b 0 o 0r 0o Jr

lr:lr
o
kX
i
¥
¥
i
¥
]
¥
r
]
¥
r
]
¥
r
]
.

T
L)
L]
L)
L]
L]
L]
L)
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]

:Jr
X ¥

L4

drodr o dr dr b o dr br o Br o 0r dr b 0 o 0r 0o Jr

i
i
¥
'
i
¥
r
r
L
r
r
L
r
r
L
r
'

oxe
Ty
Yl
Cal
"
¥
"
¥
"
)
)
"
)
)
"
)
)
"

rodr b b S b oS S o M o N

i
I
o
s
L
X
¥k
¥
]
¥
¥
]
¥
¥
]
¥

.

T
L}
r
L}
i
L}
r
L}
L}
'rJr

lr:Jr
x

)
Y
L

¥
r

¥
Ly

i
L
'rJr

ol
ey
L

Ll

Eals
N
¥
o
¥
¥
x

¥
rx
¥
'k
Ky
)
¥

o
ks
Ll
i
K
X x
L
¥
¥
L
Wit

T

)

¥
a-:a-

.

:rr"a-
' x

X
X
X
X
X
X

L

r
L
r
r

o d

r
r

[ S S S S A Ay

--1--1-l-1--1-“l.“l.”l.“l.“l.”l.“l.“l.”l.“l.r
T .
o L L a
N N N e e
I R I R o Lt N
R NN ol M U a0
e e L ML L
LRI e AL S
R R R R S S R e ey e R S
L T T P
N N o o o Sy S v

rrrrrrorrr &d ki ik i

e e e e e T

e e

»
L

e
T R o e T
e e e T e T T T
e e e e e e e N N

a0

R R U
Y

L
L

.
.
.
.
.
.
B
.
.
.
B
.
.
.
.
.

.
»r
»

»
»
L)
»
»
»
L
»
»
»

=
=
[
=
=
[
=
=
L

I N S N )
N Y] F
r.wrtk.rktr.rt.rktr.rt.q....._.a_..;_._....4.__..4.4.__..4....4._._.__..
.__..___

L ]
L N B

»

b e e e R kR
L N A 0 O A A0 M N
e e e
Ll aC 3l
e de ke e e de e Bl
R R R MMM MMM M M N
| I R N N A L O O I O Y
" = = = = omomomowdd i .

L ]

AN NNN
A
X
X

)

Y
FY

ﬂ”ﬂ”ﬂﬂﬂﬂ ”’”ﬂ”’” ” :
e
§ 8 = § = § = 3

N N L L L
r”.r....r”.r.;..r”.r....r”.rb..r.__ e
T.r.._..r.v._...r.t.....v.r.....t.._q111111111.
T L

o
‘e

)

L dr ke ik kb onon monwoe e
"= = = = = ®E = = b

R RN
gl
[
)
S R

L L ]

2ET-H
de-e66T-Y!
L6T-Mi
96T-W
GHT-N!
P6T-H
GEGT-Y!
dc-eeeT-Y
I6T-Y!
ERT-M
agT-yt
781!
3TQT-Y
£T-H!

OT-4
GGT-Y!
£9T-Yiul

& & E EBE B EEEEEEE EEEEE EEEEEEEEEEEEE

LR N M)
.._.-..___.-_.__..-_.___.-..___.-_.__..-_.___.-..-_.-_.-..-_.-_....-_.-_.-..-_.-_.-..-_.._.-..-_H

L) L)

L e e )

dg-qoH1-¢
e9p1-Y
EPT-t
45-0vT-}

L R R M

o1y

U
U
w
HA

dG-6ET-yius
QET-YHu

”m....,..,.,.,..,.,.,...,.......... hm.ﬁiuu:E

rEr e e om R R R AR RE

EGET-HHU

CRL I N R R N [y .-.l..i.-.l..-.ll..-..-.l.-..-.l.i.-.. —
momom o om o omomomomow o el e e -
romoromor omorom R R R R R KRR E
" omom o omomomomom ow ol e i A A
Fr e or e o e o kR R K&K & & & -
LI N R R N l.-.ll.i.-.l.-.ll.i.-.l.-.ll.i.-..
IERCRERE MM A AE
MR, 0 B3 3 2 A
O oo o o o o m m“ = x “E
= oron B A A
CRCIR by A A A A KA A -
roror B
LRI i A W KK W KKK
v ow W
EREIED A x A K KKK,
roror B G A A
A A N N M AW N N A -
AN AN K ﬂQMH m—E
A A N W A M N NN -
F O A g a a
= i e  a  a
E g i i A g | ]
=i i g
A
QP P N K

eOET-YIW
ade-/ZT-yhu
ST T-diw

aanansaananannsns ﬂmN._z. =3

dr b A b o o )
..'..T.:..Tb..f.'..fb..fb..f....fb..fb..r L B N

.......
P N A o A
Sl e g de S de de o de o dF

Ty

L
LAl
L)

¥
Xk

EE N Ll )
She g e A de e A dr N N )
e L M )
.-.

)

a

i
i
L

-

S o e i pla al paaly
LR

-

[

Y

-

A
A

o b X X AN
N N N A A A A N N AN N
¥ i > O dp I il ol i i
i b A,

A

i

I E
.r.....r oA .rH.r.-...r.....r.T .HHFHPHFHFHP .HHH A
. ._1......1 o odr .r.....t dr Cde I i i i i
i
i

i

L
L]

X
Plgfiat A A A
P MM 2 o 3 A N K

X

X S A A A A

L

s

X

X

¥

HHH.T B AL A N A N A AN N A

b d b dr b b b X
¥
X
¥
¥
X
[

X'k

. .T.:..'.T.T .T.:..'.T.T i
X oF ey
b A b M o M

X'k

E o
.T.:..' & dr .T.T.T o i

XK
AN

¥

-I.-I‘#I'#I'#I'#
»

»
»
& &
L

i i iy i e
LM

‘»

.'..T .T.T.T

X
X
X
-

o i
E

& dr
I

&

L
s
L
Xk
L
X
L

X ¥

....r”.r....r”.r....r”.r.....r”.r.._..r“
o d d d H.r.....rH.r.-...rH.r.....rH.r.....rH.rh
B M A A A A A A Al )
L M e e s e N
W L -
gk e
- T .
- LALLM AN
W T
h_ AT I
Caa e - - - Lol g e e
2" .._u “;&E
-
-
-
OO A e -

W .__..___.___.__ﬂ

dg-egzT-yiw
PC1-yiu
qO1-diul
e()T-Yhu
g0T-Hiu
S eGOT Y
€OT-YiU
00T-dhu
3/-
A

o/ -
PBL-
e N u h —
q/-
A 2/ -

19
19
13
12
13
1o
13




US 9,242,000 B2

Sheet 3 of 22

Jan. 26, 2016

U.S. Patent

AD Q 01 pazijeWION
IDuRd Yiw uejnbe]
VNUY

[
b & a

« - m h . .
o h b b b oM koa P L R R I
b & & b & oo b & b b kAN
dr br a2 & oa b M L I T T I ) - [
dr br & b br r Ao hor = & s = &k &1 oa 4 b & & & n a &
LI I I I I LI I N R I R R r b b M i h o
L ] - . a a2 a h F & b b h r F a b bk bk k] . a s ko s kAo .
dr o dr o dr b ox i N & Ao s o b b M b bk FF .k daoa N o
LI B R R R I ) - & i & [ I R R R el m bk ks A
b h b oh Sk oroa R L . . I aw dr b b b bk b & F .
= d h & b raaa LI r & F ) & & F F L I B R |
a b b b M o ko e e e e e wm e PR ) . e . s Ao w b A b o A ok
oo b ok b s For F . . - a - . LI a i F L T T R R R Y
Fd 1 ol LI B PR I . . . . o b br b om & x ko, . LI B A I N PR L . r & & oa & o oa
A m ok A & & o v a & PR - Fh & b & s o b & & W b  hoa - - o b b b b s oa koa
Ak or .. PR I B O N O R e . PR R O B B B N B R o w b b b &k oa . " s = om . . & - b b b A d ok
[ ] « & & & & & b kg s o« h o m a2 & k1 A 4 b h om & k1 & A & & b oa b b ok b h o & r
PR o b m b om o hoa . - . LI I I N R ) EI N N U I R I B I I e b & 1 W W F
b b bk bk ok a b b b bk b ok ok FE N NN B R ) b a b bk ork a b &
m b odr o A odr b M b oA o & F o e h . F o & F & o ok r = 4 dr b Ak a gk ar &
- b F h & N F [ ] F a kb & bk bk s ok omok 1
Fa r b - a b or b b bk FF A
1 oa ko & rd 1 bk kAo
> F 1 h s &
h & F

c alnbi4




US 9,242,000 B2

Sheet 4 of 22

Jan. 26, 2016

U.S. Patent

unejdsi 141D

.IIIIIIIIIIIII
"l"l"l"l"l"l"l"l"ﬂ"l"ﬂ"l"l ! .. l"l"l"l"ﬂ"l"l“l"l"l"l"l"l“ I"l"l“l"l"l"l"l"l“ﬂ"l"ﬂ"ﬂ"ﬂ "l"I"l"l“l"l"l"ﬂ"l"l“ﬂ"ﬂ"l !
EERERERERERERERERERERERN ERERENENERENENERENERERRN ERXRRENERERENERERENERENENER EERERNENERENENERENENERRN
EREERERENEEREEFENEENRRFE R e R FFERFEREENEERNEN EERENEEFREEFEREFEEER EEREEREREERNERNRE R B
ERERERERERERERRERERRRN EERERENERENENERERERERRN ERREERREERERREERRENER EERERENERENENERENENERRN
EERENENERENENERENERERERN T R R E R R EEEERENENER EERNENERENENERENENERRN ERERRENERERRENERERENERERENE N
EERERERERERERERERERENRN EERERERERERERERENERERR EREREREREERERERERERENERERNRN EERRERERERERERENERERR
EEERERENEENRNERDE N EE R E R EREFERENREENRER EERENEERNRERENEERN EERERENEEFEREFEREN N
EERERERERERERERERERERER ERERENENERENENERENERERRN ERERRENERERENERERENERENENER EERENENERENENERENENERRN
EERERERENERERERENERERER e R EEREERERENRENERERENE N EERRERERERERERENERERR R RRERERERRENRESNHSR R R
ERERERERERERERRERERRRN EERERENERENENERERERERRN ERREERERREERERREERERRENER EERERENERENENERNENERRN
EXEENRERENENNERDNE N T R EFEE R FEEENEENER EERENEERNERENEERN EEREFERERENEEREFERERE N N
EERERERERERERERERERENRN EERERERERERERERENERERR EREREREREERERERERERENERERNRN EERRERERERERERENERERR
EERERERERENENERENERERRN EE R R E R R EEREERNENER EERERENERENENERNENERRN ERRERERRENERRENERRNE N
EERERERERERERERERERERERN ERERENENERENENERENERERRN ERXRRENERERENERERENERENENER EERERNENERENENERENENERRN
EREERERENEEREEFENEENRRFE R e R FFERFEREENEERNEN EERENEEFREEFEREFEEER EEREEREREERNERNRE R B
ERERERERERERERRERERRRN EERERENERENENERERERERRN ERREERREERERREERRENER EERERENERENENERENENERRN
EERENENERENENERENERERERN T R R E R R EEEERENENER EERNENERENENERENENERRN ERERRENERERRENERERENERERENE N
EERERERERERERERERERENRN EERERERERERERERENERERR EREREREREERERERERERENERERNRN EERRERERERERERENERERR
EEERERENEENRNERDE N EE R E R EREFERENREENRER EERENEERNRERENEERN EERERENEEFEREFEREN N
EERERERERERERERERERERER ERERENENERENENERENERERRN ERERRENERERENERERENERENENER EERENENERENENERENENERRN
EERERERENERERERENERERER e R EEREERERENRENERERENE N EERRERERERERERENERERR R RRERERERRENRESNHSR R R
ERERERERERERERRERERRRN EERERENERENENERERERERRN ERREERERREERERREERERRENER EERERENERENENERNENERRN
EXEENRERENENNERDNE N T R EFEE R FEEENEENER EERENEERNERENEERN EEREFERERENEEREFERERE N N
EERERERERERERERERERENRN EERERERERERERERENERERR EREREREREERERERERERENERERNRN EERRERERERERERENERERR
EERERERERENENERENERERRN EE R R E R R EEREERNENER EERERENERENENERNENERRN ERRERERRENERRENERRNE N
EERERERERERERERERERERERN ERERENENERENENERENERERRN ERXRRENERERENERERENERENENER EERERNENERENENERENENERRN
EREERERENEEREEFENEENRRFE R e R FFERFEREENEERNEN EERENEEFREEFEREFEEER EEREEREREERNERNRE R B
ERERERERERERERRERERRRN EERERENERENENERERERERRN ERREERREERERREERRENER EERERENERENENERENENERRN
EERENENERENENERENERERERN T R R E R R EEEERENENER EERNENERENENERENENERRN ERERRENERERRENERERENERERENE N
EERERERERERERERERERENRN EERERERERERERERENERERR EREREREREERERERERERENERERNRN EERRERERERERERENERERR
EEERERENEENRNERDE N EE R E R EREFERENREENRER EERENEERNRERENEERN EERERENEEFEREFEREN N
EERERERERERERERERERERER ERERENENERENENERENERERRN ERERRENERERENERERENERENENER EERENENERENENERENENERRN
EERERERENERERERENERERER e R EEREERERENRENERERENE N EERRERERERERERENERERR R RRERERERRENRESNHSR R R
ERERERERERERERRERERRRN EERERENERENENERERERERRN ERREERERREERERREERERRENER EERERENERENENERNENERRN
EXEENRERENENNERDNE N T R EFEE R FEEENEENER EERENEERNERENEERN EEREFERERENEEREFERERE N N
EERERERERERERERERERENRN EERERERERERERERENERERR EREREREREERERERERERENERERNRN EERRERERERERERENERERR
EERERERERENENERENERERRN EE R R E R R EEREERNENER EERERENERENENERNENERRN ERRERERRENERRENERRN
EERERERERERERERERERERERN ERERENENERENENERENERERRN ERXRRENERERENERERENERENENER EERERNENERENENERENENERRN
EREERERENEEREEFENEENRRFE R e R FFERFEREENEERNEN EERENEEFREEFEREFEEER EEREEREREERNERNRE R B
ERERERERERERERRERERRRN EERERENERENENERERERERRN ERREERREERERREERRENER EERERENERENENERENENERRN
EERENENERENENERENERERERN T R R E R R EEEERENENER EERNENERENENERENENERRN ERERRENERERRENERERENERERENE N
EERERERERERERERERERENRN EERERERERERERERENERERR EREREREREERERERERERENERERNRN EERRERERERERERENERERR
EEERERENEENRNERDE N EE R E R EREFERENREENRER EERENEERNRERENEERN EERERENEEFEREFEREN N
EERERERERERERERERERERER ERERENENERENENERENERERRN ERERRENERERENERERENERENENER EERENENERENENERENENERRN
EERERERENERERERENERERER e R EEREERERENRENERERENE N EERRERERERERERENERERR R RRERERERRENRESNHSR R R .
ERERERERERERERRERERRRN EERERENERENENERERERERRN ERREERERREERERREERERRENER EERERENERENENERNENERRN
EXEENRERENENNERDNE N T R EFEE R FEEENEENER EERENEERNERENEERN EEREFERERENEEREFERERE N N
EERERERERERERERERERENRN EERERERERERERERENERERR EREREREREERERERERERENERERNRN EERRERERERERERENERERR
EERERERERENENERENERERRN EE R R E R R EEREERNENER EERERENERENENERNENERRN ERRERERRENERRENERRNE N
EERERERERERERERERERERERN ERERENENERENENERENERERRN ERXRRENERERENERERENERENENER EERERNENERENENERENENERRN
EREERERENEEREEFENEENRRFE R e R FFERFEREENEERNEN EERENEEFREEFEREFEEER EEREEREREERNERNRE R B
ERERERERERERERRERERRRN EERERENERENENERERERERRN ERREERREERERREERRENER EERERENERENENERENENERRN
EERENENERENENERENERERERN T R R E R R EEEERENENER EERNENERENENERENENERRN ERERRENERERRENERERENERERENE N
EERERERERERERERERERENRN EERERERERERERERENERERR EREREREREERERERERERENERERNRN EERRERERERERERENERERR
EEERERENEENRNERDE N EE R E R EREFERENREENRER EERENEERNRERENEERN EERERENEEFEREFEREN N
EERERERERERERERERERERER ERERENENERENENERENERERRN ERERRENERERENERERENERENENER EERENENERENENERENENERRN
EERERERENERERERENERERER e R EEREERERENRENERERENE N EERRERERERERERENERERR R RRERERERRENRESNHSR R R
ERERERERERERERRERERRRN EERERENERENENERERERERRN ERREERERREERERREERERRENER EERERENERENENERNENERRN
EXEENRERENENNERDNE N T R EFEE R FEEENEENER EERENEERNERENEERN EEREFERERENEEREFERERE N N
EERERERERERERERERERENRN EERERERERERERERENERERR EREREREREERERERERERENERERNRN EERRERERERERERENERERR
EERERERERENENERENERERRN EE R R E R R EEREERNENER EERERENERENENERNENERRN ERRERERRENERRENERRNE N
EERERERERERERERERERERERN ERERENENERENENERENERERRN ERXRRENERERENERERENERENENER EERERNENERENENERENENERRN
EREERERENEEREEFENEENRRFE R e R FFERFEREENEERNEN EERENEEFREEFEREFEEER EEREEREREERNERNRE R B
ERERERERERERERRERERRRN EERERENERENENERERERERRN ERREERREERERREERRENER EERERENERENENERENENERRN
EERENENERENENERENERERERN T R R E R R EEEERENENER EERNENERENENERENENERRN ERERRENERERRENERERENERERENE N
EERERERERERERERERERENRN EERERERERERERERENERERR EREREREREERERERERERENERERNRN EERRERERERERERENERERR
EEERERENEENRNERDE N EE R E R EREFERENREENRER EERENEERNRERENEERN EERERENEEFEREFEREN N
EERERERERERERERERERERER ERERENENERENENERENERERRN ERERRENERERENERERENERENENER EERENENERENENERENENERRN
EERERERENERERERENERERER e R EEREERERENRENERERENE N EERRERERERERERENERERR R RRERERERRENRESNHSR R R
ERERERERERERERRERERRRN EERERENERENENERERERERRN ERREERERREERERREERERRENER EERERENERENENERNENERRN
EXEENRERENENNERDNE N T R EFEE R FEEENEENER EERENEERNERENEERN EEREFERERENEEREFERERE N N
EERERERERERERERERERENRN EERERERERERERERENERERR EREREREREERERERERERENERERNRN EERRERERERERERENERERR
EERERERERENENERENERERRN EE R R E R R EEREERNENER EERERENERENENERNENERRN ERRERERRENERRENERRNE N
EERERERERERERERERERERERN ERERENENERENENERENERERRN ERXRRENERERENERERENERENENER EERERNENERENENERENENERRN
EREERERENEEREEFENEENRRFE R e R FFERFEREENEERNEN EERENEEFREEFEREFEEER EEREEREREERNERNRE R B
ERERERERERERERRERERRRN EERERENERENENERERERERRN ERREERREERERREERRENER EERERENERENENERENENERRN
EERENENERENENERENERERERN T R R E R R EEEERENENER EERNENERENENERENENERRN ERERRENERERRENERERENERERENE N
EERERERERERERERERERENRN EERERERERERERERENERERR EREREREREERERERERERENERERNRN EERRERERERERERENERERR
EEERERENEENRNERDE N EE R E R EREFERENREENRER EERENEERNRERENEERN EERERENEEFEREFEREN N
EERERERERERERERERERERER ERERENENERENENERENERERRN ERERRENERERENERERENERENENER EERENENERENENERENENERRN
EERERERENERERERENERERER e R EEREERERENRENERERENE N EERRERERERERERENERERR R RRERERERRENRESNHSR R R
ERERERERERERERRERERRRN EERERENERENENERERERERRN ERREERERREERERREERERRENER EERERENERENENERNENERRN
EXEENRERENENNERDNE N T R EFEE R FEEENEENER EERENEERNERENEERN EEREFERERENEEREFERERE N N
EERERERERERERERERERENRN EERERERERERERERENERERR EREREREREERERERERERENERERNRN EERRERERERERERENERERR
EERERERERENENERENERERRN EE R R E R R EEREERNENER EERERENERENENERNENERRN ERRERERRENERRENERRNE N
EERERERERERERERERERERERN ERERENENERENENERENERERRN ERXRRENERERENERERENERENENER EERERNENERENENERENENERRN
EREERERENEEREEFENEENRRFE R e R FFERFEREENEERNEN EERENEEFREEFEREFEEER EEREREFEEEREERNE T
ERERERERERERERRERERRRN EERERENERENENERERERERRN ERREERREERERREERRENER EERERENERENENERENENERRN
EERENENERENENERENERERERN T R R E R R EEEERENENER EERNENERENENERENENERRN ERRENERERRENERERENEREREN
EERERERERERERERERERENRN EERERERERERERERENERERR EREREREREERERERERERENERERNRN EERRERERERERERENERERR
EEERERENEENRNERDE N EE R E R EREFERENREENRER EERENEERNRERENEERN EERERENEEFEREFEREN N
EERERERERERERERERERERER ERERENENERENENERENERERRN ERERRENERERENERERENERENENER EERENENERENENERENENERRN
EERERERENERERERENERERER e R EEREERERENRENERERENE N EERRERERERERERENERERR ERERERRERERERRERNRESNHSN R R
ERERERERERERERRERERRRN EERERENERENENERERERERRN ERREERERREERERREERERRENER EERERENERENENERNENERRN
EXEENRERENENNERDNE N T R EFEE R FEEENEENER EERENEERNERENEERN EEREFERERENEEREFERERE N N
EERERERERERERERERERENRN EERERERERERERERENERERR EREREREREERERERERERENERERNRN EERRERERERERERENERERR
EERERERERENENERENERERRN EE R R E R R EEREERNENER EERERENERENENERNENERRN ERRERERRENERRENERRN
EERERERERERERERERERERERN ERERENENERENENERENERERRN ERXRRENERERENERERENERENENER EERERNENERENENERENENERRN ﬂ
EREERERENEEREEFENEENRRFE R e R FFERFEREENEERNEN EERENEEFREEFEREFEEER
ERERERERERERERRERERRRN EERERENERENENERERERERRN ERREERREERERREERRENER
EERENENERENENERENERERERN T R R E R R EEEERENENER EERNENERENENERENENERRN
EERERERERERERERERERENRN EERERERERERERERENERERR EREREREREERERERERERENERERNRN
EEERERENEENRNERDE N EE R E R EREFERENREENRER EERENEERNRERENEERN
EERERERERERERERERERERER ERERENENERENENERENERERRN ERERRENERERENERERENERENENER
EERERERENERERERENERERER e R EEREERERENRENERERENE N EERRERERERERERENERERR
ERERERERERERERRERERRRN EERERENERENENERERERERRN ERREERERREERERREERERRENER 0
EXEENRERENENNERDNE N T R EFEE R FEEENEENER EERENEERNERENEERN
EERERERERERERERERERENRN EERERERERERERERENERERR EREREREREERERERERERENERERNRN
EERERERERENENERENERERRN EE R R E R R EREEERNENER EERERENERENENERNENERRN
ERERERERERERERERENERERER EERERENERENENERENERERERN ERERENERERENERERENERENRENER
EREERERENEEREEFENEENRRFE R e R FFERFEREENEERNEN EERENEEFREEFEREFEEER
ERERERERERERERRERERRRN EERERENERENENERERERERRN ERREERREERERREERRENER
EERENENERENENERENERERERN T R R E R R EEEERENENER EERNENERENENERENENERRN
EERERERERERERERERERENRN EERERERERERERERENERERR EREREREREERERERERERENERERNRN
EREEREREREERERE RS xR ERERERERRER ER RERERERERERER E ]
EERERERERERERERERERERER ERERENENERENENERENERERRN ERERRENERERENERERENERENENER
EERERERENERERERENERERER e R EEREERERENRENERERENE N EERRERERERERERENERERR
ERERERERERERERRERERRRN EERERENERENENERERERERRN ERREERERREERERREERERRENER p
EXEENRERENENNERDNE N T R EFEE R FEEENEENER EERENEERNERENEERN
EERERERERERERERERERENRN EERERERERERERERENERERR EREREREREERERERERERENERERNRN
EERERERERENENERENERERRN EE R R E R R EEREERNENER EERERENERENENERNENERRN
EERERERERERERERERERERERN ERERENENERENENERENERERRN ERXRRENERERENERERENERENENER
EREERERENEEREEFENEENRRFE R e R FFERFEREENEERNEN EERENEEFREEFEREFEEER
ERERERERERERERRERERRRN EERERENERENENERERERERRN ERREERREERERREERRENER
EERENENERENENERENENERER T E R EEEEEEEENENER EERENENERENENERENENERERN
EERERERERERERERERERENRN EERERERERERERERENERERR EREREREREERERERERERENERERNRN
EEERERENEENRNERDE N EE R E R EREFERENREENRER EERENEERNRERENEERN
EERERERERERERERERERERER ERERENENERENENERENERERRN ERERRENERERENERERENERENENER
lIllllllllllllllllllllllll ..IlIlllllllllllllllllllllll IlIllllllllllllllllllllllll rrrrrrrrrrrrrrrrrrrrrFrrFrFr®rEFrrFrrErErErErE®ErECErTETErErErrErTETErrTrrEr®erE®erErErFrrErrrE®er®erErPTrTrrTErTErTeTrerr rrrrrrrrrrErrr®rE®rErrrrErrEerECr®ELrETErrrrrrrrrrrFrEFr®rErrrErErrrE®erP®erEFrErTErrErrrrrrrrrrrrrr e
EXRERERERERERERERE A IrEE R E R ERERERERENR RERXERERERERERERN j " = 2 @ m E E m E E E EEE S E E EEEEEE S =S = EEE S EE == EEEE S EEEEEEEE S S EEEEEEE S = EEEEEEEEEEEEEEEEEEEEEE S = EEEEEEE == EEEE S EEEEEEEE S EEEEEEEE S = EEEEEEE == EEEEEEEEEEEEER
E R ERERERERERERERERERR R ERERERERRENERERERERR TR ENXERERRENERERERERERERER r Fr F FrPFFPFrPCFrFeErPCErFrFrCerFrEFrFrPQFrEFrFrSFrFrFrFrCFrPrErCF®rPECrFerECrCF®rEPFrEFrCerPFeTEFrF°er®F*TrFerFrr®rrFrFrr®rrFrFrFerTFrTFr®FrTFrTFrPF*TFrTFer®F*rTrFrFrTr°rFrrr®rrF°rrFerFerFr®FrTFrFerPF*TFrF°rF*TrFerrrrFrrrrFrrrFrFrrrFrFeTErrerr*rr°-rrrrrrrrCrrr°rFrrrrrerrerrerrrrrrrrrrrrrere-r
EERERERRRRERERERRRN ErE R R R R R R R RN EERERERERRRRERERERERRN " = = 2 m m = m m = m EEE =N E E EEEEE®E == =383 @83 3835 = === 833583 383 = =583 385852 =583 =5 %5833 88 3% 8% 8%838383 33 %% %3883 E"E " EEEEEE == EEEEEEE == EEEEEEEEEEEEE == EEEEEEE === EEEEEEEEEEEEEEEEEEEEETE
EERERRERRERERERERRERR EKRERERERERRRERERERRRN EREERERRRERERERERNRERR L R R N N R R e e R R R R R R e R O R R R I R R R e N R R R R e e e R I R R R R R e e e I R A S I ]
ERERERXERENFERERE N B ®* F * E * F * F R ERXE R EE R ENEREFRERERRER " ®m = ® m ®m ®m m m ®m m N N N N N N S N N NN N NN N SN S ™ S S ®E S S S S SN S S N SN ™ S ™ S S E SN S N S S E E SN E N SN ™ ™ N W SN N N S E N SN S ES N SN W E N SN ™ NN N SN N E N S E N N S E N SN N SN N SN E S S E E S E E E S E N SN N SN W SN E SN SN EEEEE
EERRRERERERERERRERRMR ERERERERERRRRERERERRRN EREERERRERRERERERERRERRMR rrrrrrrrrrrrrrrrrrrrrFrrFrFr®rEFrrFrrErErErErE®ErECErTETErErErrErTETErrTrrEr®erE®erErErFrrErrrE®er®erErPTrTrrTErTErTeTrerr rrrrrrrrrrErrr®rE®rErrrrErrEerECr®ELrETErrrrrrrrrrrFrEFr®rErrrErErrrE®erP®erEFrErTErrErrrrrrrrrrrrrr e
KRERERERRRRERERERERRN ErErE R R R E R R EEE R ERERERERERRRERERERERRN " = 2 @ m E E m E E E EEE S E E EEEEEE S =S = EEE S EE == EEEE S EEEEEEEE S S EEEEEEE S = EEEEEEEEEEEEEEEEEEEEEE S = EEEEEEE == EEEE S EEEEEEEE S EEEEEEEE S = EEEEEEE == EEEEEEEEEEEEER
R ERERERERERERERERERR ERERERERERERRENERERERERR TR ENERERRENERERERERERERER r Fr F FrPFFPFrPCFrFeErPCErFrFrCerFrEFrFrPQFrEFrFrSFrFrFrFrCFrPrErCF®rPECrFerECrCF®rEPFrEFrCerPFeTEFrF°er®F*TrFerFrr®rrFrFrr®rrFrFrFerTFrTFr®FrTFrTFrPF*TFrTFer®F*rTrFrFrTr°rFrrr®rrF°rrFerFerFr®FrTFrFerPF*TFrF°rF*TrFerrrrFrrrrFrrrFrFrrrFrFeTErrerr*rr°-rrrrrrrrCrrr°rFrrrrrerrerrerrrrrrrrrrrrrere-r
EFEREFEREEREREREREFREF NS ErF F R FE R ERERERERER RENREFERERERERERERN " = = 2 m m = m m = m EEE =N E E EEEEE®E == =383 @83 3835 = === 833583 383 = =583 385852 =583 =5 %5833 88 3% 8% 8%838383 33 %% %3883 E"E " EEEEEE == EEEEEEE == EEEEEEEEEEEEE == EEEEEEE === EEEEEEEEEEEEEEEEEEEEETE
K ERERERERRERERRERERETEMN EEREREREMRERERERRERERRN ERERERERERERERERRERERERERERMR I R N R R R R R R R R R R R R R T R R R R R T R R R R I R R R N R A . T R R R R R R T T R R R R I T T R R R I I R R A L R
EREREXERERRERENERERERERR B ® ® * T * * T * ®R XXX M EREREERERERRENERERERERR . "= = o omomomom " " om oo omomom "= = o omomomom " " om oo omomom "= = o omomomom " " om oo omomom "= = o omomomom " " om oo omomom .
EERRRERERERERERRERM®R ERERERERERRRERERERRRN EREERERRERRERERERERRERR q rrrrrr rrrrrrr rrrrrr rrrrrrr rrrrrr rrrrrrr rrrrrr rrrrrrr
EXRERERERERERERERE A IrEE R E R ERERERERENR RERXERERERERERERN . N " n o oE oo N " n o oE oo N " n o oE oo N " n o oE oo .
®ERRREERERERERRERER ERERERERERREERERERERER L e e rrrrrrorr rrrrroror rrrrrrorr rrrrroror rrrrrrorr rrrrroror rrrrrrorr rrrrroror
EERERERRRRERERERRR ErE R R R R R R R RN EERERERERRRRERERERERRN . " xx oo omom " momomomomon " xx oo omom " momomomomon " xx oo omom " momomomomon " xx oo omom " momomomomon .
EERERRERRERERERERRERR EKRERERERERRRERERERRRN EREERERRRERERERERNRERR L R R N N R R e e R R R R R R e R O R R R I R R R e N R R R R e e e R I R R R R R e e e I R A S I ]
ERERERXERENFERERE N B ®* F * E * F * F R ERXE R EE R ENEREFRERERRER .. " ®m = @ m m = m m ®m m N N W W N N SN N N ¥ N N = ¥ N 5N % W 5 5 m N S S 8 N N S S N S N N S ¥ W SN % m N 5 m N S S % N N S S N S N N = 5 ™ 5N 5 m N S m N N S 8 N N S N N S N N = ¥ m 5 5 m N S m N N S 8 N N S SN N S N N = 5 m 5 5 m N 5 m 5N N S ® N N ¥ SN N 5N N 5 5 ®m 5 =5 ® = = = ®
EERRRERERERERERRERRMR R RERRERRERERRERRR EREERERRERRERERERERRERRMR b kkr#tkk#rktkkkr#tkk#rkrkkkr#.r.r.r.._..r._1.r.._..r.r.r.._..r.r.r.._..r..1.r.._..r.r.r.._..r.r.r.._..r..1.r.....r..1.r.._..r.r.r.....r..1.r.._..r..1.r.....r.r.r.....r..1.r.._..r.r.r.....r.r.r.._..r._1.r.._..r.r.r.._..r.r.r.._..r..1.r.._..r.r.r.._..r.r.r.._..r..1.r.....r..1.r.._..r.r.r.....r..1.r.....r..1.r.._..r.r.r.....r..1.r.._..r.r.r.....r.r.r.._..r._1.r.._..r.r.r.._..r.r.r.._..r..1.r.._..r.r.r.._..r.r.r.._..r..1.r.....r..1.r.._..r.r.r.....r..1.r.....r..1.r.._..r.r.r.....r..1.r.._..r.r.r.....r.r.r.._..r._1.r.._..r.r.r.._..r.r.r.._..r..1.r.._..r.r.r.._..r.r.r.._..r..1t#kkr#rkk#rktkkkr#tkk#rkrkkk
llIlllllllllllﬂlﬂlllllﬂlﬂl .lIlllllllllllﬂlllﬂlllﬂlﬂlﬂ lllIlllllllllllﬂlﬂlllﬂlﬂlﬂl #tk#kt#tkttktkkttkttktkkt.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.rttktkkttkttktkkttkttktk
lIIIIIIIIIIIIIIIIIIIIIIIII : ) IIIIIIIIIIIIIIIIIIIIIIIIII IIIlllllllllllllllﬂlllﬂlllﬂ #k”k#kHk#kHk#k”k#kHk#kHk#k”k#kHkb...1H.r._....1”..1.....rH.r......1H.r.....r”..1.....rH..1....._1H.r.....r”..1.....rH..1......1H.r.....r”..1._...rH.r......1H.r._....1”._1.._..rH.r......1H.r._....1”..1.....rH.r......1H.r.....r”..1.....rH..1....._1H.r.....r”..1.....rH..1......1H.r.....r......1._...rH.r......1H.r._....1”._1.._..rH.r......1.....r._....1”._1.....rH.r......1H.r.....r”..1.....rH..1....._1._...r.....r”..1.....rH..1....._1.....r.....r”..1._...r.....r......1H.r._....1”._1._...rH.r......1H.r._....1”._1.....rH.r......1H.r.....r”..1.....rH..1....._1H.r.....r”k#kHk#kHk#k”k#k”k#kﬂk#k”k#k”k#kn
g g i e i e e e dp e e dr e dp de e dp e e de e dp e e e dp e e de dr ey de e e dr e dp e dr e dp de e e dp e e de e dp e e e dp e e de e dp e e e dr e dp e e dp e e e dr e e e e dp e e e e e dr e e dr e e p dr ey dr e e p e e e dr e dp de e dp e e de e dp e e e dr e e e dr e dp e e e dp e e e g
HlHlllllllll!lﬂllﬂllllﬂlﬂl ) ) lIl!lllllllllllﬂlﬂlllﬂlllﬂ lIlllll!lllllllllllﬂlﬂllﬂll .....r”.r.....rH.r.-_..rH.r.._..r”.r.....rH.r.-...rH.r.....r”.r.._..rH.r.-...rH.r.....r”.r.....rH.r.-_..rH.r.._..r”.r.....rH.r.-...rH.r.....r”.r.._..rH.r.-...rH.r.....r”.r.....rH.r.-_..rH.r.._..r”.r.....rH.r.-...rH.r.;..r”.r#.r”.r.;..r”.r#.r”.r#.r”.r#.r .-_..r.._. .r.r ., .r”.r.....r”.r.._..r H.r.-_. .....r .-...rH.r.....r”.r.....rH.r.;..r”.r.....r”.r#.r”.r#.r”.r#.r”.r#.r”.r ., H.r.-_..rH.r.....r”.r.;..r”.r.;..r”.r#.r”.r#.r”.r#.r”
IIIIIIIIIIIIIIIIIIIIIIIIII ) IIIIIIIIIIIIIIIIIIIIIIIIII IIIlllllllllllllllﬂlllﬂlllﬂ et e e i Rt it Pt Pl Fafie .t” Pt Pt e Pt s e e it it Pt P i PRt i et
lIllllllllllllllllllllllll : ) IlIlllllllllllllllllllllll IlIllllllllllllllllllllllll .....rH.r.....rH.r.....rH.r.....rH.r.....rH.r.._..rH.r.....rH.r.....rH.r.....rH.r.....rH.r.....rH.r.....rH.r.....rH.r.....rH.r.....rH.r.....rH.r.....rH.r.....rH.r.....rH.r.....rH.r.._..rH.r.....rH.r.....rH.r.....rH.r....rH.r....rH.r.....rH.r....r”.r....rH.r gt Fiyfingt .rH.r....rHtr H.r.... y .._..rH.r.....rH.r.....rH.r.....rH.r....r”.r....r”.r.....rn.r.._..r”.r....r”.r.....r” H.r.....rH.r.....rH.r.....r”.r.....r”.r.....r”.r....r”.r....r”.r.....r”
'l'-l------l-'l--- ) ----ll-l-l-'---'l'-l l'l'lll'l'll"l'lﬂlﬂl'lﬂlﬂl b..T .Tb..' .T....T .Tb-.T .Tb..' .T....T .Tb-.T .Tb..' .T....T .Tb-.T .Tb..' .T....T .Tb-.T .Tb..' .T....T .Tb-.T .Tb..' .T....T .Tb-.T .Tb..' .T....T .Tb-.T .Tb..' .T....T .Tb-.T .Tb..' .T....T .Tb-.T .Tb..' .T....T b..T... .Tb..'b-.' o .T....T b A .T... b..T ....T .Tb-.T .Tb..' .T....T .Tb-.T .Tb..' .T....T .Tb-.T .Tb..' .T....T .Tb..' .T....T .Tb-.T .Tb..' .T....T .Tb-.T .Tb..' .T....T
lIIIIIIIIIIIIIIIIIIIIIIIII ’ i lIIIIIIIIIIIIIIIIIIIIIIIII IlIlllllllllllllllllllllllﬂ .....r”._1._...rH..1......1”.r.._..r”..1._...rH..1......1”.r......1”..1.._..rH..1....._1H.r._....1”..1.....rH..1......1H.r._...r”..1.....rH..1......1H.r.._..r”..1._...rH..1......1”.r......1”..1._...rH.r....._1H.r......1”..1.....rH.r......1Hk#t”k#k”t#k”k#t”k#k”t#kk N o x ..1”..1.._...1 .r”.r.....v”.r....k”.v.....r” H.t.__. ......1” ......1”.r.._..r”..1._...rH..1......1”k#t”kkk”t#k”k#t”kk.r”t#k” ”..1.....rH..1......1Hk#t”k#k”t#k”k#t”kkk”t#k”
lIllllllllllllllllllllllll ) IlIlllllllllllllllllllllll T e i e e Rt e it Pt P o it % et g ingt S S i s Pl it et e it Pt o it % PPty Pt e P i Pt
llIlllllllllllﬂllﬂllllllll ) - lIlllllllllllllllﬂlllllllﬂ ....rH.r.;..rH.r....rH.r.;..rH.r....rH.r....rH.r.;..rH.r.;..rH.r....rH.r....rH.r.;..rH.r....rH.r.;..rH.r....rH.r....rH.r.;..rH.r.;..rH.r....rH.r....rH.r.;..rH.r....rH.r.;..rH.r....rH.r....rH.r.;..r”.r.;..r”.r....r”.r....r”.r#.r”.rb..r.r ....r.r .r”.r.;..r .r”.r.;..r”.r....r”.r H.r... r .;..rH.r....rH.r....rH.r.;..r....r.;..rH.r....rH.r....rH.r.;..rH.r....rH.r.;..r”.r....r”.r....r”.r#.r”.r#.r”.r#.r” H.r....rH.r.;..r”.r.;..r”.r....r”.r....r”.r#.r”.r....r”
IIlllllllllﬂlllﬂlﬂlﬂlﬂlﬂlﬂ . HIIIIIHIHIIIHIHIIIHIIIIIHI .....r .r.....r .r.-...r .r.....r .r.....r .r.-...r .r.....r .r.....r .r.-...r .r.....r .r.....r .r.-...r .r.....r .r.....r .r.-...r .r.....r .r.....r .r.-...r .r.....r .r.....r .r.-...r .r.....r .r.....r .r.-...r .r.....r .r.....r .r.-...r .r.....r .r.....r .r.-...r I .r.-...r I .r.-...r .r.....r I .r.-...r .r.....r .r.....r aroar .r.-..l.....r .r.....r .r.-...r .r.....r.-...r.....r .r.-...r .r.....r .r.....r .r.-...r .r.....r .r.....r .r.-...r .r.....r .r.....r .r.-...r .r.....r .r.-...r .r.....r .r.....r .r.-...r .r.....r .r.....r .r.-...r
lIllllllllllllllllllllllll : ) IlIlllllllllllllllllllllll #tHt#tHt#tHt#tHt#tHt#tHt#tHt#tHtb..rH.r.....rH.r.....rH.r.....rH.r.....rH.r.....rH.r.....rH.r.....rH.r.....rH.r.....rH.r.....rH.r.....rH.r.....rH.r.....rH.r.._..rH.r.....rH.r.....rH.r.....rH.r.....rH.r.....rH.r.....rH.r.....rH.r.....rH.r.....r.....r.....rH.r.....rH.r.....r.....r.....rH.r.....r.....r.._..rH.r.....rH.r.....rH.r.....rH.r.....rH.r.....rH.r.....r.....r.....r.....r.....rH.r.....rH.r.....rH.r.....rH.r.....rH.r.....rH.r.....rH.r.....rH.r.....rH.r.....rH.r.....rH.r.....rH.r.....rH.r.....rH.r.....rH.r.....rHt#tHt#tHt#t”t#t”t#tﬂt#t”t#t”t#tn
IlHlllllllllllﬂlﬂlﬂlﬂlﬂlﬂl . lIlﬂlﬂlﬂlﬂlﬂlﬂlﬂlﬂlﬂlﬂlﬂlﬂ .....r .r.....r .r.-...r .r.....r .r.....r .r.-...r .r.....r .r.....r .r.-...r .r.....r .r.....r .r.-...r .r.....r .r.....r .r.-...r .r.....r .r.....r .r.-...r .r.....r .r.....r .r.-...r .r.....r .r.....r .r.-...r .r.....r .r.....r .r.-...r .r.....r .r.....r .r.-...r .r.....r .r.....r.....r.-...r .r.....r .r.....r.....r.-...r .r.....r.-...r.....r .r.-...r .r.....r .r.....r .r.-...r .r.....r .r.....r.....r.-...r.....r.....r .r.....r .r.-...r .r.....r .r.....r .r.-...r .r.....r .r.....r .r.-...r .r.....r .r.....r .r.-...r .r.....r .r.....r .r.-...r .r.....r .r.....r .r.-...r .r.....r .r.....r .r.-...r .r.....r .r.....r .r.-...r
lIIIIIIIIIIIIIIIIIIIIIIIII : ) IIIIIIIIIIIIIIIIIIIIIIIIII #k”k#kHk#kHk#k”k#kHk#kHk#k”k#kHkb...1H.r._....1”..1.....rH.r......1H.r.....r”..1.....rH..1....._1H.r.....r”..1.....rH..1......1H.r.....r”..1._...rH.r......1H.r._....1”._1.._..rH.r......1H.r._....1”..1.....rH.r......1H.r.....r”..1.....rH..1....._1H.r.....r”..1.....rH..1......1H.r.....r”..1._...rH.r......1H.r._....1”._1.._..rH.r......1H.r._....1”._1.....rH.r......1H.r.....r”..1.....rH..1....._1H.r.....r”..1.....rH..1....._1H.r.....r”..1._...rH.r......1H.r._....1”._1._...rH.r......1H.r._....1”._1.....rH.r......1H.r.....r”..1.....rH..1....._1H.r.....r”k#kHk#kHk#k”k#k”k#kﬂk#k”k#k”k#kn
lIllllllllllllllllllllllll ) IlIlllllllllllllllllllllll T el i e e e e Tt P il P P i Pt
llIlllllllllllﬂllﬂllllllll ) - lIlllllllllllllllﬂlllllllﬂ #tHt#kHt#tHk#tHk#kHt#tHk#tHt#kHtkkHk#tHt#kHt#tH.r.;..rH.r.;..rH.r....rH.r....rH.r.;..rH.r....rH.r.;..rH.r....rH.r....rH.r.;..rH.r.;..rH.r....rH.r....rH.r.;..rH.r....rH.r.;..rH.r....rH.r....rH.r.;..rH.r.;..rH.r....rH.r....rH.r.;..rH.r....rH.r.;..rH.r....rH.r....rH.r.;..rH.r.;..rH.r....rH.r....rH.r.;..rH.r....rH.r.;..rH.r....rH.r....rH.r.;..rH.r.;..rH.r....rH.r....rH.r.;..rH.r....rH.r.;..rH.r....rH.r....rH.r.;..rHk#kHt#tHk#tHt#kHtkkHk#t”t#k”t#t”k#t”k#k”t#t”
IIIIIIIIIIIIIIIIIIIIIIIIII ) IIIIIIIIIIIIIIIIIIIIIIIIII et e e e e e Rt Pt Pt P e et
lIllllllllllllllllllllllll : ) IlIlllllllllllllllllllllll #tHk#rHr#kHr#tHk#rHt#kHr#tHk#rHtb..rH.r.....rH.r.....rH.r.....rH.r.....rH.r.....rH.r.....rH.r.....rH.r.....rH.r.....rH.r.....rH.r.....rH.r.....rH.r.....rH.r.._..rH.r.....rH.r.....rH.r.....rH.r.....rH.r.....rH.r.....rH.r.....rH.r.....rH.r.....rH.r.....rH.r.....rH.r.....rH.r.....rH.r.....rH.r.._..rH.r.....rH.r.....rH.r.....rH.r.....rH.r.....rH.r.....rH.r.....rH.r.....rH.r.....rH.r.....rH.r.....rH.r.....rH.r.....rH.r.....rH.r.....rH.r.....rH.r.....rH.r.....rH.r.....rH.r.....rH.r.....rH.r.....rH.r.....rHk#rHr#kHr#tnk#rﬂt#knr#tnk#rﬂt#kn
"__."a“n"n“a"n"n"n“a"a“n"l"n ) .."l“n"a“a"a“a“a"n"n"n"a"n“ H.r..._.rH.r....rH.r.._.rH.r..__.rH.r....rH.r.._.rH.r..__.rH.r....rH.r.._.rH.r..__.rH.r....rH.r.._.rH.r..__.rH.r....rH.r.._.rH.r..__.rH.r....rH.r.._.rH.r..._.rH.r....rH.r.._.rH.r..._.rH.r....rH.r.._.rH.r..._.rH.r....rH.r.._.rH.r..._.rH.r....rH.r.._.rH.r..__.rH.r....rH.r.._.rH.r..__.rH.r....rH.r.._.rH.r.._.rH.r....rH.r.._.rH.r.._.rH.r....rH.r.._.rH.r .rH.r....rH.r.._.rH.r..__.rH.r....rH.r.._.rH.r..__.rH.r....rH.r.._.rH.r..._.rH.r....rH.r.._.rH.r..._.rH.r....rH.r.._.rH.r..._.rH.r....rH.r.._.rH.r..._.rH.r....rH.r.._.rH.r.._.rH.r....rH.r.._.rH.r.._.rH.r....rH.r.._
e e e e e R e e . | e e e e R R R R g i i e
RRERERRERERERRRRRERR ERERRREREREERRRRR L R A A A A M R A A A A A M M R A A A A A R N A A A A R A A A A A A R A A A A A R A A A A A R N A A A A A M R A A A A R R N A A A M R A A A AL AC E R A A0 A A0 AE C M N 0 30 3 A0 A AC N N S 3 A0 A A AE R A a0 Al )
EREREREREERERE R IrEEEER ERERERER L R e R A M R R e R A R R R R R M R R R A R R e A A R R R R e A A R R R R A A R A R R R R A R R R R R A R R R R e A A R R N R R A R R R R R R R R A A R M R R A A R R R A M
R R R R R R R WO RO R R R R LR R N N B N N B R N M B B N N M B R N R N N N N N B S M R N R M B B N M B 0 N N R N N S S N N B N N M B B M R R0 N N R R R N R S N N S N N A ) L B N N R N B N N M B R N M R N N E R N N N M LR ] L R N B B N N
EERRRRERERERRRRR BrErE R R R R R R ERERERER e R e  a a aE  a a N a aEa a a RE Ra  a R  a a R a  RE E R  N  RE  E a  aE E E N
ERRERRERERERRRRRRR ERERRREREREERRRRR L C C N S 3R A0 A E 3EE B 0 3 30 A0 A E C M N S 330 A0 A AE E R M S S 30 a0 0 E MC RN S a0 30 a0 L A M N ) L B 3 M ] L aC L L) L aC L L G Ll L) X & L C M N S B AL L o) X% k& L LE C M N
E R EREEREREERER E BN Er e E R E R EREERERERMR N o e o o R N R N N M LN ) - L) L | LaE ) L . EaC M) ) . Ul - Al U EE N M M S L] L] - L0 .. - - COE N M M)
RRERERERERERRRRRRR ERERRREREREERRRRR E NN N A0 A0 0 R NN S N 30 A0 0 E N NN N N0 30 A0 A A E N N N0 B0 A0 N NN N 30 a0 0 AN MR & & & d % . & & L) Ll &+ 8 xm & & = & - &% & & R & &4 K& & k& [ B & k& & [ E N N
EERENENERENENERENERERERN T R R E R R EEEERENENER e o o o o o e o o o e o o o e o o o o e o o o e o o o e o o e o o . - & - LB L L ] + i & Ll ] LA L L o k. L Ll L] L L L L] L | L L ) L L LA} Ll L] L L L
R R RO R R R R O PR R R R OPE R R R R L e R N e A M R N A A N R N N N R O M R M S N R N M N B L L) v * L3 Y L 3 ] LR N ) L B ) E ) L) L S N ) v O ) L) L ) L L] L) Pl S N )
EREREREREERERRE RS BrEEREER ERERERER Wl el e e d dp de e de e d dp dp s de dp dh dh dh d dh dp ok de dh o d dh dh e dh b kA d dh ke .. LR o T W N A KA A E AR bk ks - - & TR R B e LI S B [0 . L - ERURE )
ERERERERERERRRERRRR ERERRREREREERRRRR L C E N S 30 B0 A0 A E ME R R S 3030 A0 A AE M N R 3 30 A0 A0 A AE M N R 30 B0 A0 A0 AE M MR S A0 B0 A0 A A M R N ) COC I N . L 3L % . L) L X . L E M D S S X & L C I N S 30 A0 A0 ) B ) x % K& M L S
O PR R R R OPE R R R R B w e e m R L e o e e e N R R O R R R N ) k. R X L) L ) Ll ) L P ) Ul - Al - L EaE R ) . L] L L0 LN EE N )
RRERERRERERERRRRRERR ERERRREREREERRRRR L C C N S A A0 A E ME N S0 A0 A A AE C M N S 30 A A0 A AEE M N N0 U A0 a0 0 E C N N S a0 3 a0 A AC 3E N Al a0 L ] L L] v a L] L L] - & r Rk d E & Rk R E X [ ] L3030 30 0 0 M M B ) L L L N N ) Pl aC k)
EXRERERERERERE NS xR ErE R ER ERRERER Wl e el e el k a k . RR kh B Rk LI I - x . koo Pl Ml - EIE N A M M I ] ) : B Ll NP L Y S Al )
EERERERERERERERERERENRN EERERERERERERERENERERR o & & & & & & & & o & & & & & & & F & & & & F & & & & & & & & F & & & & F & & & & F & & & & & & & & & & & L - . - L] i d L & & i d L] L % & & & L] & & & & & & b L L L + & & & &
EERRRRERERERRRRR BrEE R R R R R R RERERER L a3 Al R R N A A R N N A A R R N A a0 A RE R A Al R R N A Al Al W [ L R U0 R N T A TS M RO N L Y N M S ol TR N R ek e N R U W R L DI E R )
ERRERRERERERRRRRRR ERERRREREREERRRRR CCC N S A A E MEE R S A0 A A AE MM N S A A0 A AC E R R S S a0 a0 A aE C RN S 3 a0 A ME M M N A XK. L] L L] LR N A A0 T R R R R S0 A0 AE A0 N N N 0 N0 A0 A0 N N N A a0 Al N ) B 0 N 3 0 A N N ) L N S S
E R EREEREREERER E BN Er e E R E R EREERERERMR L o e e o e o N e e M e N e o N M O N R R R N M M R O N R N N R R N M M) e e LM e =r L e N M R N e R o N R R N M N N ) L] L R N N R N N M ) r. COE N M M)
RRERERERERERRRRRRR ERERRREREREERRRRR E RN 3 30 A0 0 E N NN N 30 A0 0 N NN N 30 A0 0 A E N0 N N0 30 A0 A N NN N B0 A0 A AE N NN A A ) -k & & - L) E R N 3 A0 A N N N A AL | B4 & & & & & & k& & & & & & & & & & BC N RE N 30 a0 A E MR N ] P30 a0 0 )
EERRRREREERRRRR IrEEE R R E R R RERERE R R a3l R R A A R R Al R R N A A A A R R Al R R N 3 a0 AU A S RO A R E N N AL TS hC ol sl ks E M A Al M ) L R A A R R A E U N A A W R R A 3 T
R R RO R R R R O PR R R R OPE R R R R L e R N N A M A R M R N N N N R N o A R R R A R R S N N N N M N M N R N R N N M O M R A M R N R N N A N ) R A 3 N N S N N N N N )
EREREREREERERRE RS BrEEREER ERERERER o e o R e e R R R R R R R R o A R R R R M M
ERERERERERERRRERRRR ERERRREREREERRRRR W a e  d d d o d  d d d i e d d d i o i d d i i d d i - d d d i d d - d d d i d d i d i d d o  d d d i d d & & & & & & & & &R
O PR R R R OPE R R R R B w e e m R e o e N e N e e o R R e N e R O M R N e R R R M O M N
RRERERRERERERRRRRERR ERERRREREREERRRRR E N A a0 A N a0 A N N a3 a0 Al N a0 A N 3 a0 A N a0 a0 A NN a3 a0 E R NN a0 Al 0 N N A a0 Al N A A R A A N A A N N A A Al N R a0 Al N Al Al )
EREREREREERERE R IrEEEER ERERERER L R e R A M R R e R A R R R R R M R R R A R R e A A R R R R e A A R R R R A A R A R R R R A R R R R R A R R R R e A A R R N R R A R R R R R R R R A A R M R R A A R R R A M
R R R R R R R WO RO R R R R LC N B N N R S N N B R N M R R N N R R R N R S N N RS N N R S M R S R M B R N M R S N R S R N S N N R R N B R N M R R0 N R R BN N R R S N R R S N N S N M U N R M B R N R S N R S R N R S N N U N M R B N M R S0 N N R S R N R R S N RS S N M A )
EERRRRERERERRRRR BrEE R R R R R R RERERER EC e e s R e A A N R e A A N R R M A A A R R e A A R R R M A M A R R A M R R N A A A R R A A A R N R A A A R R A A A R R R A A A R R A R R R A A MR Al N
RERERERRRRERERERRR EERERRRREERRRRR L AC3C 3 RC C AC AE 30 MR AE 20 S0 M A0 AE 30 MEMEE A0 3E 3 B AE 30 3 M B A0 AC 30 S M A0 3 M B A 30 3 N M AE 3 30 M REAE A0 3E 00 M AE 30 AE ME A0 3E M0 B AE 30 3 3 BE A0 AL 30 3 M R A0 3 A 3 AE 30 3 NC ME B AE 3 3 BE A A0 AE 30 M RE C 30 A 00 M A AE 30 MEME BE A0 3 30 B AL 20 3 M B0 AE A0 3 M A0 3 A M AL a0 3 )
E R EREEREREERERE RN Er e E R E R EREEREREER R R R R R R N R R R R R R R R R N R N R R R R R R R R R R R R R R R R R R R R R R R N R R R N R R R R R R R R R R R R N R R R R R R N M R N RN
RRERERERERERRRRRRR ERERRREREREERRRRR W d i d d i d d & & i i d & i d d & A d d & &  d d d &  d d d & & & &k  d d d & & & & k  d d d & & & & &k kg d & & & & & kg & & & & &k & & & & & kg & & & &k & &k g & & & & & &k kA
EERERRRERERERRRRR fr ke rE R R E R EER R ER E N Al A N M A R A M R A R N A R Al A N R A A M N R A R M 2 R A M R A A A M R N AL A M R N AL M M A R A M R A R A M ALl aE aE M AU M RE A a0 Al M
R R R R R R R L R N R N A R R R A R N R N N R R N R N A N A R N R S N A R N R R N R R N R R R A N R R N R S R R N N N R R N M R N R N N S N N R N R N R R R N M R N R S N R S N N M)
EREREREREERERRE RS . . . . . . o e o R R R e R R R R R R o M
ERERERERERERRRERRRR W a e  d d d o d  d d d i e d d d i o i d d i i d d i - d d d i d d - d d d i d d i d i d d o  d d d i d d & & & & & & & & &R
"a"a"l"l"a"l"l"a"l"a"a"l"l b T A I A R R A R 0 L A A M R A A I A R I A A G I A E R A M A R I i I I R R R A0 R 0 ML R R M R C R e A R M M I R I A R A M B G I A M R I A
R e e e e e xl
EERERERERENENERENERERRN
EERERERERERERERERERERERN
| ] IIIIIIIIIII ] lllll eI

 aiNDiH



US 9,242,000 B2

Sheet 5 of 22

Jan. 26, 2016

U.S. Patent

o
)
e
P P
X
)
L

o,
A

)
X
Y]

L

A

X

:-::-

v
X
)

P
]
>
]
]
HHHHHHHHHEEH
]
]

E A
o,

E ]
H
E
H

P e e
i, i i i
i
AL L
o
i

E0T-HIW i
YW 41D &

KA XEXXEX 3
H”HHH”H”HHH”H”HHH”HH!
MR XXX XXX X XN
E
A XX XXEXXEX XM
M AN N NN
R AEXEXE XX XXX XM
XX XEXXEX XXX
X R XXX XX XX KN
MM N N NN
A A XX XELXEX XN s
XX XX R XN X
R AEXE XXX XXX XX
Hﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ!

X R R NN X
R AEREXRXERZER XN
ERXERERERERERERERETR
xR JE R R NN A
ERERERERERRRIER.DN. e
Hlﬂlllllllﬂlﬂlﬂlﬂlﬂlrn

_

i

h ] T’U’l"l"l‘!

A K KK KK N
. HHHHH”H”HHH”H
X, HHH HHHHHHHHHHH

H
FY

£

E
™

H
N
E

Al
N
‘l?!

E I
H

E I |
H

E I

Hﬂxﬂﬂ
?!‘IF!

H
N
Al
E I
Al
E
.‘l?!

|
M A K XA A
Al
X,
|
ML A K XK K
h ]

Mo KK KKK
h_]

oo o o
x
i i i i
)
i i i
oo o o
i | x
i i i
i i "
] b

h ]

X EXERXXXEXEXEZR XN

Ml A
A A A

Ml A

A A
H-HHH"HHHHHHHH
A A A

HHH

"ﬂ

|

E)

I il R T T T,

A_A A A IHIHIHI A
I-lnl
A
'I
Al
A
Al
A
Al
Al
Al
-

A
A
A
A
A
™

.
o
.
o
|
o
"
e

A A A A A A A M A N A A A A A A N KK

-l
A
A
'I
Al

A
Al

A
H-l
Al

-

A
A
A
A
A
A
™

.-il!- J
A
|
|
A
-l-
A
A
A
|

A
.-.x...n...x. .".

AL AL LA
A

i iy

i

|
:-:Ha'a":l |
a:a:a
A
A
AL
A

™.

HEHHHHF

L
o
X

‘e
P
F
‘e
H
e
‘2
-5
F

A
i)

o !

3

i
i

i

i
|
AR M
|

™
a
N
ol

Y

i

N
M?l
Al
ey
H?lx?lx?!?l?d
L I e

™
Y
a
Y
&

A

-
)
A,
A
A
o
-
A,
n
A
. A,

A

i
P
X

A

. | eoTuw

diW 43D




U.S. Patent

No irradiation

Jan. 26, 2016

Sheet 6 of 22

I~

Control Ant

F
A

LY
"

HHHHHH'H'H' ;
PP AL
A W
H:IIIIHHIH:H
PP A PN P L L L R
A A A
M

A_A
A
AN A H:H A A N M A !xﬁxﬂx!xﬁxﬂﬁ!
H

LN
LY

Y

A J
E .
LA A KK K

P

-
i
-
i
i
-
i
x
i
N
-
o,

] -
A A NN N H:H:H:H:H:H:F
A oM N Hxﬂxﬂx?!x?ﬂxﬂlxx J

oM ]

o M N
-
oM N N N

]
A N M N M

X
X
|
X
L ]
X

A_A
HH-H
o

k.

|

-

-

o

-
N

S a a  a  a a
o
xR N

- |
|
|
- |
|
|
- |
|
|
- |
|
]
I:I
] Hli ]
&
]

o

-
x.ﬂ
e
Al
a
F
>
x.ﬂ
-
o
FJ

x_]
E |

b ] -,
Al L . Hxﬂxlxﬂxﬂxﬂxﬂxﬂ
A Mo M N MM M
l-?l-?l A A A Hxﬂxﬂxﬂxﬂxﬂxﬂxﬂ

AR A A M
A e e
M
X
e

-]
i

E Y
&
F

|
F ]
-]
-]
F ]
-
H
&
?!!
-
X
M

M A AN NN NN AN
- '\l"\li"vi"\li"\l"\l-'\l"\l"wl!'\l"\lx'vxvxvn'vxvxv”w”v!'\ﬂv”ﬁ'xﬁ

%) B3Iy U0

US 9,242,000 B2

Radiation dose (Gy}



US 9,242,000 B2

Sheet 7 of 22

Jan. 26, 2016

U.S. Patent

Y 41D 01 pazijewrioN
Aesie yNYW agdewep YNQ

VNY

Fa .o
g .r.__.r.._......r....
. ' " .
N -k a kor bkl AN
Y P I X A .
I bk r n korom .
. ¥ . .. r . o
o a . a’a oAy a
F ik . aa I I A
A aw k. owk ok A & Ao
e N P
Lk ok r a ke ko
r rF . ' I

SIN0Y 7

c0T-giw
10

-
e
e
e
&

A O 01 pazijewiio
Aeile yNYHW adewiep

VNd

- a E I o ron
L b drr rh b oAb oa
- . b dr . rdrrirh
- h & = & F & . - a b &
Ao L [ & F
& & F r " .o 1
L] - L o r
r = b & a & LI B | A & m o
o o ok E E o & r &
r b or n bk A F 1 & & - b &
- & LI - F & - For

A9 0z 10AD O

VNC

Nk ke A ke kA X

Py EEEEENE NN NN
cdr dr bl Sk M S i N
e e,

. .T.:..T .T.I..T .T.T.T .T.:..T .T.I..T .T.T.T .T.:..T .T.'. . ‘- ‘-“- . "- “-

dr & d A dr dr d d dr d dr & dr

e ey s s s s e e R AN
b b b Jp & dr & U b U & Jr & o & X .
B
T e e e e e e e e e e e e e e Vil W
g e R
B
B
Sade dede e de dede dede dede dede de ol ol o o B ol o o & & &
. .T.'..T .T.'..T .T.T.T .T.'..T .T.'..T .T.T.T .T.'..T .T.'..T .T.T.T .T.'..T .T.'..T .T.T.T .T.'..T .T.'..T .T.T.T ax
.H.r.....rH.r.._..rH.r.....rH.r.....rH.r.....rH.r.....rH.r.....rH.r.....rH.r.....rH.r.._..rH.r.....rH.r....rH.r.....rH.r.._..rH.r.....rH.r )
......rH.r.....rH.r.._..rH.r.....rH.r.....rH.r.._..rH.r.....rH.r.....rH.r.._..rH.r.....rH.r....rH.r....rH.r.....rH.r....rH.r....rH.r....r.
Y
F e N 3 N
e et a  a e a a  a e a a e A
i e e A ae e e e e e de g de de e bl dd d i it b aa R & &
e de U A b dp de g p de o de dp bl i i e .
B
T e e e e e e e e e e e e e e Vil W
e g e M M R M A N M
B
ar e dr e de e de dr dr e de e de dr dr i i i i ol N M X )
e e e W N M M M M R N

Sl deode ede doode boode Beode deode Ol - P P Y

e e U U e U U U U U U U e e

e g de U A de dp de g p g gy el e i i
B
T e e e e e e e e e e e e e e Vil W
o e R
B
e S A M A AL N S A
e o R
e et a  a e a a  a e a a e A
i e e A ae e e e e e de g de de e bl dd d i it b aa R & &
S g de A de dp de g p g de Jp i il i il
B
e e e e Nt
Sl A ko dr M e b de M g dr de e bl dd d kit b aa & &

drode deodr O de deode oo de Be o de o 0 b R &

dr ' dr dr dr dr dr e de dr dr e e dr dr de e de dr de e dr de dr de dr dr dr e dr dr dr

.”.TH.TH.T T I T R T T .T”.TH.TH.T”.TH.TH.T”.TH.TH.T”.TH.TH.T”.TH.TH.T”.TH.TH.T”.T )
P A .r.._..r.....r.....r....._...___.4._...4._._._...._.4....4.._....._.4...4.._....._.4...4.._....-.4...4.._....
b dr b b b o W W 0k N N

> A

T R S R R T A R U I I U ) )
AR AR R AR AR AR AR
e e e e e e e e e e e e e e e
o AN M A A NN A

dr o dr o dr e O dr e 0 b e 0 0 W N
LRSS RS RS )
[

.
Eals
o
i
Eals
o
»

X

X ok X
)
L

Xk
¥

Xk
L

e e g a a Al Sl ) [3
.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.-..-..-.l..-.ll..-..-.l.-..-. l.-.l..-.ll..-..-.l.-..-.l.-..-..
S ososos
b b b e de drdr oo do be de e de b F & o F % & &

Pl i P e e i
e
e L L,
Jrde dode de de drode oo de B 0 dr 0 0

Faa S )
.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.....-..-..-..-..-..-..-..-_.-..-.l

Jrde d de de de b B dr de de de de de 0 i B *
.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r....-..-.j.l.-.l.-.l.-..-.l.-.
T N T T e A I B S A
P e N e e N e A I B I B M
P e o o e o e e o e R R

L
L)

Ll

R ) L)

Jrod deode de o de deode b de de o de e 0 b & B & &
LaC )

EaC )

e
»
L ]

»

»

»

¥ a
K
o

er
¥ ar
i

»

L
oy
s
"

(3
Ea
LaC )

T

5

-
|

-
|

'
¥ ¥
N N N N N N N N N N N N N N N N N N Ny

LN
Eals

o ki ik ki

¥

i X

e

"

e

»

m
|

.I
e

ki

. L A N A A R A NN
Pt o G I Il
B
B
.b..rb..rb..r .r.:..r o .r.:..r o .r.:..r .rb..rb..rb..rb.l. | | | | || | .
Shr dr e b dr e b dr o de A dr de 4 dr dr I |} |} ) |} |} ) ]
& i A o e o i P lllllllllllllllllllll.
P G i m i m m m a e
..T.r.:..r.T.r .r.r.r o .r.:..r o .r.r.r .r.T.r.:..r.T.r Illllllllllllllllllllllll
..-...r.....r.....r .r.._..r * .r.._..r * .r.._..r .r.-...r.....r.....r.-.. ll llll .
cdr A dr dr M b M b b M b 0 0 N L L )
& b O > i > & b O
cdedr b A b b M b A o N
.....r.;..r.;..r .r.;..r > .r.;..r > .r.;..r .r....r.;..r.;..r
* i M i ™ i * i M
b A b dr M b M b b M b N b N
..:..Tb..fb..f .T.:..T & .T.:..T & .T.:..T .T....Tb..fb..f
’ b dr i i i ’ b dr
s dr b M M b oM W b W b o W N
......r._...r.....t ._1._....1 i ._1._....1 i ._1._....1 ..1....._1._....1._....1
& b O > i > & b O
cdedr b A b b M b A o N
.....r.;..r.;..r .r.;..r > .r.;..r > .r.;..r .r....r.;..r.;..r
..r.r.....r.r.r.v.r.r.r.T.....r.r.T.r.r.r.r.T.....r.r.r T T -
e e e e l-l"“--u"“l"l-l"l-l"l-l"l-l" .
P o o o o o e = )
..T.T .T.T.T .T.T.T dr oA W 0 .T.T.T .T.T.T .T.T.T | | l- | | | | | | | | | | | | | | )
BTt e P Pt i Mot = - = = - = e
.....r.;..r.;..r .r.;..r > .r.;..r > .r.;..r .r....r....r....r...
* i M i ™ i * i kX
b A b dr M b M b b M b N b N
Bt e T i P P
> i i i ’ J i u
s dr b M M b oM W b W b o W N
.”.r....r”.t ._1”..1 i ._1._....1 i ._1”..1 .r”.v....r”.t.....v.r.r i e e e e e e e e e e .t.r.T.
Bt e Pt e et e Pt i Mt e e
.....r.;..r.;..r .r.;..r > .r.;..r > .r.;..r .r....r.;..r.;..r....r.;..r.;..r....r....r....r....r.;..r.;..r....r.;..r.;..r....r....r....r....r.
* i M i ™ i b b e dp b dp O b M & bk 4 b k b & b b X

F F F

i i i

¥ ¥ ¥

> i >

¥ ¥ ¥

i ™ i

F F F

i i i

¥ ¥ ¥

> i >

¥ ¥ ¥

i ™ i

F F F

i i i

¥ ¥ ¥

.
LRI AL AL N
¥
JrJrJrJrJrJrJrJrJrJrJrJrJrJrJrJrJrJrJrJrJrJrJrJrJrJrJrJrJrJrJrJrJrJrJr:JrJrJrJrJrJrJrJrJrJrJrJrJrJrJrJrJrJrJrJrJrJrJrJrJrJrJrJrJrJrJrJrJrJrJrJrJrJrJrJrJrJrJrJrJr
¥
)
¥

DO L DN M A S MMM M D M MM S S M NN S B MMM N D DN M S D AN N S MM M SE D N MM S DN M M D M M MNE N S B M NN S B DN NN N D D DM N S M MM N S SE NN
)

D N N N NN

L4

I'#I'#\'kI'#I'#I'kl'#l'#\'ki'#l'.r#\"rkI"r#I'#\'kI'#I'#I'kl'#l'#\'ki‘#I'.r#\'kl'#l'#\'k

i
i
i

»

[

* L

e
i

»

i a
o a
EaAEN
PN
EaAEN

PN
¥y kX
»
)
»
»
o )
)
»
A
)
»
»
ot )
)
4-:4-4- |
L
FY

»
»
»

ey
)

PN
ook

Eals

Eals

Eals

™

)

»

L )

E o e )

»

ey
»

-

PR R RN

ot el e
Lt e et )

R N N
.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.-.l..-.l.-.ll.l.-.l

i X
E )
8 MM
»
»
»
et
»
»

B
»
»
L)
»

ERN )
»
»
»
»
»
»
»
»
»
»

)
»
)
»
)
FY
AR RSN
»

e
3 el el e el e el

B
»

]

R R R )

LN

i

L
)

rr
L
K
o
K r
KoK
rr
i e e
K
o
K r
KoK
rr
i e e
K

¥
X
¥
¥
¥
v
'rJrlrJr'rJr'rJrlrJr'rJr'rJrlrJr'rJr'rJr'rJr'rJr'rJrlrJr'rJr'rJrlrJr'rJr'rJrlrJr'rJr'rlr:'rlr'rJr'rJrlrJr'rJr'rJrlrJr'rJr'rJrlrJrl'Jrl'JrlrJri'Jri'JrlrJri'Jrl'JrlrJrl'Jrl'JrlrJr'rJr'rJrlrJr'rJr'rJrlrJr
¥
¥
¥
PN
v
¥
¥
¥
P
EREN )
)
NN
)
*y
»
»
»
EY
»
»
»
&
»
)
»
5
»
»
»
EY
»
»
»
&
»

)

.___.__..___.___.__..___.___.__..___.___.__..___.
&
A

LE L N L S L A L
X
»

& dr

F i

dr odr B o dr b o dr o dr 0 o dr o 0r 0o Jr

e
X
L
X
L
»
]
»

r
L
L
r
r
L
r
k#k#k#'rJr'rJr'r‘r'rJr'rJr'r‘r'rJr'rJr'r‘r'rJr'rJr'rJr'rJr'rJr'r‘r'rJr'rJr'r‘r:'rJr'rJr\"r\"r'r’r'r‘r\"r'r’r\"r\"r'r’r\"r\"r\"r'r‘r'rJr'rJr'r‘r'r#'r’r'r‘r'r’r'r’r'r‘r'r’r'r’r'r#k#k#
r
r
L
r
L
L

¥
¥
¥
X
)
¥
X
¥

b b b b b b dp o do dr A b A .
ok b de A b b de dr b b b A & ..1......1.....r.....r......1....r....r....r....r....r.....r....r....t.....r....r....t....r
Sl de dr b de dr de de de dr de de de de dr de de de dr de de de de de de de e de dr b de

o g i
E N R I I O R I R O R O

o

kxrx
i g ke
Ll )
kxr
¥ ar
kxr
PN
xr
™
[
i
r

i
i

X

X

i

iy

X

i

X

X

i
: ¥
.”.T.:..TH.TH.T”.T o .TH.T o .T”.r o .TH.TH.TH L .'.Ib. .'.l.'. .:.l.'. .'.Ib. .'.l.'. .:.l.'. .'.Ib. .
P e Pt L Nt pa -u--l"u"u--“l"l-l"l-l"l-l"l-l" :
T I s s s EE
..:..T.'..Tb. ¥ e e .'..T.'..Tb. -
..T.Tb..T.T.T....T.T.T & .Tb..f & .T.T.T & .T.:..T.T.T.l. )
.”.r”.r”.r”.r”.r > .rH.r > .r”.r > .rH.rH.r” ] ) ) ]
T e Ak e e e e e de e e W W i i
Pt o G I Il
B
B T N R
L I RN R R
.H.r”.r”.r”.r”.r > .rH.r > .r”.r > .rH.rH.r” ] llll II II ll II II ll
cdr S bl Sk M S i N
e e,
cdr dr bl Sk M S i N
.H.rH.rH.rH.rH.rH.r .rH.r o .rH.rH.r ..1H.rH.rH...._._.4._...4.4....-444&444{444.-444&444{444”
B e e S e e e g e e e e e o S R o o A
P Il
B P N R
o S S M el
e
e e e o i e i i iy g M
S e el e e e e e de de e e Wl W W i
P Il
B P N R
B e e e e e g e e e e o S R o R N A
P o 3 i de e dp it W i e
B
e e B A S
e od e d e d do X S dp de dp e dp i e e
e N NN, Mt 3Ll 3 3k Al 3ttt Al al
e a m h N
P P e i
e e e e e e
cdr dr bl Sk M S i N
B e e
aod e d ke d Ao S dp de dp e dp i e e
e e e a  a a e N a Nt
e e e e e Ve e e e e e e e e e bl dE W M a
d dp de dp b dp de Jp e g e dp e dp de Jp i Wl W i .
B P T R
..r.r.....r.r.r.-...r.r.r.....r.r.r.....r.r.r ..1.r.r.....r.r._1.....r.r.r.-..l..rl.....l..rl.....l..rl..-..l..rl.....l..rl.....l..rl..-..l..rl.....l..rl..
cdr S bl S b S b b Sk bl bl b i i N
o
cde il b de S b b b b b b S b b b b A b b S A b N
..T.T.'..T.T.T.'..T.T.T.T.T.T.T.'..T.T.T.'..T.T.T.'-.T.T.T.'..T.T.T.'..T.T.T.'-.T.T.Tb..'.T.T.!..T.T.T.T.T.T.Tb..T.T.T.'..T.T.T.'-.T.T.T )
e e s
cdr S bl Sk b S bl kb Skl ki o N
..T.T.'..T.T.Tb..T.T.Tb-.T.T.Tb..T.T.Tb..T.T.T.T.T.T.Tb..T.T.T
..l..Tb..Tb-.T....Tb..fb-.f....fb..fb-.f.l..fb..fb-.fb..fb..fb-.f
..T.Tb..'.T.T....T.T.'b-.'.'.'b..'.f.'.l..'.f.'b-.'.'.'b..'.f.'
AN N
”.T”.:.”.T”.:.Hk”*”k”#”?”#”k”*”&”#”?”# l.l. l.i l.l. l.l l.l. I.I l.l. l.i l.l. l.l l.l. I.I l.l. l.i l.l. "
B N N N N e M 2 M A M M 2E
S de dp de dp de dp de dp de dp e dp de dp b i b b
O I L L A A R A
....r....r....r.....r....r....r.....r....r....r.....r....r....r.....r....r....r....H.___.4.__..4.___._...-4...4.......-4...4.......-4...4.......-4...4.._....

o
- .. .. .. .. ..l-.

..l..Tb..'b-.T....Tb..'b-.'....'b..'b-.'.l..'b..'b-.'....'b..'b-.'
B e Pt e Pt P
e e e e
bl b dr M b B o b 0 b 0 dr b 0 e b 0 b 0 b b W b 0 W b W b N N
.....Tb..Tb-.T.l..Tb..Tb-.T....Tb..Tb-.T....Tb..T.T.T.l..T.:..Tb-.T.l..Tb..Tb-.T....Tb..fb-.f....fb..fb-.f.l..fb..fb-.f....fb..fb-.f....f )
A e ke ke l“lll"“"“ll“l"lll"lul"lll"lll" .
P o o G e e A m
S e de de de de de de de de de e A de de ) )
b dp b Jp b Jr e b o b e U & k W X .
B P N R
B e e e e e g e e e e o S R o R N A
a dp A e dp de e d e dp e dp de i el e .
B
e e B A S
S U e dp gy de dp de dp de dp e dp de dp b il
e e e e g e e i N N
..;..T.;..r.;..r.;..T.#.T.;..r.;..f#.'.;..r.;..f#.r.#.r.;.?#.r#.r#
Pl S5
..T.T.J..'.T.T.J..T.T.'.:-.T.T.T.:..'.T.T.J..T.T.'.J-.T.T.T.J..'.T.T.J. =
cdr dr bl Sk M S i N
..:..T.:..Tb..?b..?b..?b. & ok b i .:..T.:..Tb..?b.
..T.T.:..T.T.T.l..T.T.Tb-.T.T.Tb..T.T.T....T.T.T.T.T.T.Tb..T.T.T.l.
.b..rb..rb..rb..Tb..rb. o & b & i i .:..Tb..rb..rb.
.....Tb..'b-.'....'b..' .T.l..' .'b-.' .Tb..'b-.'....'b..'b-.'...
U A dp e o ar o b A & dr

dr b b b S b b S S b S N
E .T.:..T b odr b o A ok o M N
drdr bl i

ey
iy
i

i

i

i

L4

X
i
¥

)
i
¥

X
L]

o

L]
L]
L
X

L
L)
¥
L)
L
L)

I dr e e ap e e ar ki dr
¥
dr dr dp dp e e g e d
¥
o e e ey
¥
¥
x ¥

.
a-:a-
o
i
¥

"
L
X
i
a-:a-
"

& .
dr dr dr dr B o dr br o 0r o Jr o 0r o dr 0 0o 0r O
. .:..r.T.T.r.T.T.r oo g dr & b dr & b 0 & b 0 N b 0 M

b oA Jrde dr dr dr de dr dr dr de de e dr de de dr dr dr e
E N R I I O R I R O R O

¥
i

E
i
dr d Uk ke dkk ko ke
¥

e
X

Xy
L4
X
X
L g
X
X

¥
L]

I Jr b U O Jp b Jp O o O Jp 0 O & 4 A

”.T .T.T.T .T”.T .T”.T .TH.T .T”.Tb-.T”.Tb..TH.T....Tb..Tb-.T”.T.‘.TH.T.'.T”.T.T.T”.T*.TH.T....TH.T.T.T”.T
..-...r.....t.....r .r.....t .r.-...r .t.....r .r#.t“k#.r”.r#.r”ﬁ I.... I.... . I.... . l.-.. I.... .
..r.r.:..r.r.r .T.r.r .r.r.T .r.r.r .T.r.r.:..r.T.T....r.r.rb. Illllllll II II II II II -
o A e
e de de b e A g de b de B b b de 0

’ b & I o ar t....r....v....lllll II Il . n " .

e e et e R e S e

s dr b M M b oM W b W b o W N

SRR

4 & m & & &2 & & 2 a2 a & a2 a

9INYX
$ODUX
PIDUX
1224X
DdX
vdX
ZavX
ZX34L
TX3NL
€Gdl
TONNS
Zvdy

Y6AV:
ZSQvY
TSAVY
0SavY

gEzav
L TAVY

1dvd

PHAISE
GAINSd
BHINS

SIS
gINSd
YIS
2aM4Yd
2T410d
A7410d
vZ410d

4104
410c¢
010
A0«

H10d

oy
O
a7

Od

Ld
Od

v10d
N
YNId
lddvd
590
TIHLN
NEN

OH

SN

SN
SN

/ ainbi4

e e e e e
.‘-.. .. || || || || ||

|| | | || | |
e A m

R it e it Pt e Faie e
L e
._..r.r..1....._1.r.r._..t.r.v....r.r.t.....v.r.r....r.r.v....r.r.t.....v.r.r.._.
L T e

o I I S O N A

N g g

i'*#i'#!'#i'#k#i’#i’#k#i’#k#i’#!’#k#k#!’#i’#k#i’#i’#i’#i’#i’#i’#!’#i’#i’#

g d g U e d de dp e de e Ay de 0
F B B R N N N N B N N R N N N N N D
._..rH..1......1H.r._....1”..1._...rH..1......1H.r......1”..1._...rH..1......1H.r......1”..1._...rH..1....k”k#k”kkk”k#k”k#k”kk&”k# A
Rt Tt Pt P Pt i
._..rH.r....rH.r.;..rH.r....rH.r....rH.r.;..rH.r.;..rH.r....rH.r....rH.r.;..rH.r....rH.r.;..r”.r....r”.r....r”.r#.r”.r#.r”.rb..rb
T e e e e e
RN N, - o

g d g U e d de dp e de e Ay de 0

S dede dede drde dede de e dr de dr de Or o MO L w > k. :
R e e i e e w R H N M

g d g d e de d de b de o de b Ay ke

ke A de e de o de ke e de e A e SR A e
._..rH.r....rH.r.;..rH.r....r”.r....r”.r#.r”.r#.r”.r....r”.r....r i i [ 3 i i [ 3 i i
R N e e Nt SN AE M L Al 3 A MLl N
A R A R e M I S e M M B M
P e e g g . B o R ]
S e dr dede drde dede dr e de dr de de de o de R O O O ol lf ol Bp ol Ol O O O
R N N N e N e N E MM B A B M M 3N
£ d U e U de U de g dp de dp de dp de dp i Wi W i e
o S e e e e e e e A e S S e A e e S L . . . L L M e N
A A e N M e M S B M
B S e e e g e e g e e I L L B o ]
 d dr dr e e de e dede drde e e e e dp il M u d
A R A R e M I S e M M B M
P e e g g . B o R ]
S e dr dede drde dede dr e de dr de de de o de R O O O ol lf ol Bp ol Ol O O O
R N N N e N e N E MM B A B M M 3N
£ d U e U de U de g dp de dp de dp de dp i Wi W i e
o S e e e e e e e A e S S e A e e S L . . . L L M e N
A A e N M e M S B M
B S e e e g e e g e e I L L B o ]
 d dr dr e e de e dede drde e e e e dp i M R a
._..T.:..T.:..T.:..T.:..rb..Tb..Tb..r.:..T.#.fb..Tb..Tb..fb..rb..Tb..fb. = ‘- = . 'n 'n ‘- . !- - -

£ de i d b de d de b A A kA dp b | N NN E NN EEE NN
A A A A A A A At nlunnl
N I O  a a ey e EEEEE N RN RN
e
B e e Rt Pt Pt i
._..rH.r.....rH.r.....rH.r.._..rH.r.....rH.r.....rH.r.._..rH.r.....rH.r.....rH.r.._..rH.r.....rH.r....r”.r.....r”.r.....rn.r....r”.r....r”.r.....r..
._..rH.r......1H.r.....r”..1.._..rH.r......1H.r.....r”..1.._..rH.r......1H.r.....r......1.._...1.....r......1.._..t....r.....r....t....r.....r....t....r.....r....t....r.....v..
R A A A et e R R I e T R R L A
A A e N M e M S B M
B S e e e g e e g e e I L L B o ]
 d dr dr e e de e dede drde e e e e dp il M u d
q.rH.r.....rH.r.....rH.r.....rH.r.....rH.r.....rH.r.....rH.r.....rH.r.....r._._...._._.4._...4._._...._._.4....4._._....._.4....4.._....._.4....4.._....._.4....4.._.....
._..-1.r.:..T.Tb..r._1.:..-1.r.:..T.Tb..r._1.:..-1tb.??&.kl.liliiliillillill
._..Tb..T.:..Tb..Tb..Tb..Tb..Tb..Tb..Tb..Tb..Tb..Tb..Tb..Tb..Tb..Tb.

P e e e o o e e e e "
._..T.:..TH.T.:..TH.T.:..TH.T&..TH.T.:..TH.T#..TH.T&..TH.T&..TH L l.i i.l i o o o o e o
T

o e O e e e e e e e S S S S ey

B i i o g i
S e dr dede drde dede dr e de dr de de de o de R O O O ol lf ol Bp ol Ol O O O
R N N N e N e N E MM B A B M M 3N
£ d U e U de U de g dp de dp de dp de dp i Wi W i e
o S e e e e e e e A e S S e A e e S L . . . L L M e N
._..-1H.r.:.._1H.-1.:..TH.T.:..TH.T.:..TH.T.:..TH.T&..TH.T.:..TH.T i o o o e o o R R ko
R i e it Pt P e it “l
._..rH.r.._..rH.r....r”.r....r”.r.....r”.r....r”.r....r”.r.....r”.r u
e o

I I T e S ety e | e |
B
A A e N M e M S B M
gk de b ke d g b e b de e dp L e ]
 d dr dr e e de e dede drde e e e e dp il M u d
q.rH.r.....rH.r....rH.r....rH.r....rH.r....rH.r....rH.r....r R0 M M MM L M
._..rH.r......1Hk#k”k#k”k#k”k#k”k#&”k#k Y ..1”..1._...rH..1......1Hk#k”kkk”k#k”k#k”kkk”k#k”
Bt Tt e it Pt P it IS
._..r.....rH..1....rH.r....rH.r....rH.r....rH.r....rH.r....rH.r Y ..1......1H.r......1”..1....k”k&k”kik”.rik”k&.r”kik”.r“
T

o e O e e e e e e e S S S S ey

P o i e gy et aa ta a a e et
S drdr dede drde dede dr e de dr de de de o de R O O O ol lf ol Bp ol ol O O O
R N N N e N e N E MM B A B M M 3N
Pl el il il gl il g L
o S e e e e e e e A e S S e A e e S L . . . L L M e N
....-1H.r.:.._1HE&.EH.T&.EHE&..TH.T&..T”.T&..TH.T&..T ' i o o o e o o R R ko
e s

T T T e e )

P o i e gy N
.-1b..r.:.._1b..Tb..rb..Tb..Tb..rb..Tb..Tb..rb..Tb..Tb..rb..T > l.l.l.l.l-l- l-

._..r.r.r e e e e e e e e e

R e e P it P i : : )

T e

RO e P i P e T P i P

P o i e gy

R e e i e e e W e e
Pl el a el aif i il gl L ]
o o e e e e e e S L . . . M e L
N A A e N e M e B M
gk de b ke d g b e b de e dp L e ]
 d dr dr e e de e dede drde e e e e dp il M u d
A R A R e M I S e M M B M
P o i e gy R e ]
S e dr dede drde dede dr e de dr de de de o de R O O O ol lf ol Bp ol Ol O O O
R N N N e N e N E MM B A B M M 3N
Pl el il il gl il g L
o S e e e e e e e A e S S e A e e S L . . . L L M e N
A A e N M e M S B M
£ d e b d dp de d b dp de J e 0 R s ]
e drdr S dr drodr drodr dr o de drodr dr dr dr o e dF ol dF ol lF b dF dp ol o M i A A
A e M I A e e M MMM
P o i e gy R e ]
S e dr dede drde dede dr e de dr de de de o de R O O O ol lf ol Bp ol Ol O O O
R N N N e N e N E MM B A B M M 3N
Pl el il il gl il g L
o S e e e e e e e A e S S e A e e S L . . . L L M e N
A A e N M e M S B M
gk de b ke d g b e b de e dp L e ]
 d dr dr e e de e dede drde e e e e dp il M u d
A R A R e M I S e M M B M
Pl e el el i i i iy L e ]
S e dr drdr drdr dede Or e de dr dr de dr o dm i o o o e e e el ol e o ool
q.rH..1.._.._1H.r....wn.r....rn.w....rn.r...kn.r....rnh...r T N RO M M ML
Bt P i e P M P it Fatat a¥
._..rH.r....rH.r.;..r”.r....r”.r....r”.r#.r”.r#.r”.r#.r Pty .-_l.-.lll.-.

R Rt Pt P e e e atatat
._..rH.r.....rH.r....r”.r....r”.r.....r”.r....r”.r....r”.r.....r Tl

T e e e e e T e e e

._..Tb..r.:.b.b.b.b.b.b.?b.b.b.b.b.b. i

gk de b ke d g b e b de e dp

dr o dr dr b o dr dr b o dr Jr b dr 0 0 e 0 O

T .r.:. .r.:. ._1.:. .r.:. .r.:. ._1.:. .r.:. .r.:. ._1.:. .r.:. .r.:. ._1.:. .r.:. .r.:. ._1.:. .r.:.

adr dr e e e e e e e e e l“l_-_l""" s lll"“-_-_l"""l"
P S e e e g S v S u i m .
e e e e e e e e e e l“- aalta e s
i N II II Il II II u
R N N N o n B e  p e i e B
P e ot ot et et et A s el el 3
Jr S dr drde S dr drde drode dr o de de o dr Br dr dF ol dF dF kO dF dp ol O A
R N e W e R R R ek
e g e e g g e L L B L L A M ]
e e e e e e e e e e T S I T e e I i
..tHt._..tHt...tnt.qtnt.qtnt...tnt.qtntktnh.. LR N M A ]
._..Tb..T.:..T.:..Tb..T.:..T.:..Tb..f.:..fb..fb..fb..fb..fb..fb..fb..fb. .‘- ‘- .‘- ‘-
N N . u
N o o aal aan s
....r.r.r.-...r.r.r.....r.r.r.....r.r.r.-...r.r.r.....r.r.r.....r.r.r.-...r.r.r.... m o |
.—..'.T.'.'.T.'.'.T.'.'.T.'.'.T.'.'.
i e o
A e e e e e e e e
R P P i P o Pt
AR K e K e R Rk A e Rk Ak kA kA
e e g e e g g e e L L B L L A o ]
S de e drdr de e e de de e drde de e e dr e b dp WF M ME O W i O W d
A o e e W e
P A L M e e e
S g e dr o dr dede drode de de dreode dede Jdr o dr dF b i iF dF Ol OF oF W O W
._..rH.r.....rH.r.....r”.r....r”.r....r”.r....r”.r....r”.r....r”.r...
R P P i P o Pt
T P e i e o Pt
e e e e e e e e e e
R e e P T T e e e it P s i
e e e
RS e i S (i i P Pt Pt e it Rt e
K K e e ke K K e e e K K i e e he K Kk e e Kk K ke e
e g e e e o e e e S S Sl vl
e e e e e e e e A T i e T i i
O B e A L Xt Wl ML M ML XAt
T et M L WAt St ae ALl o
R N A A M L ML MM I ML 3N
A Wy e e e e
E Nt N et Nt e N W e WA M 0
e e e e o]
S de e drdr de e e de de e drde de e e dr e b dp WF M ME O W i O W d
O A B A P L X Wl M M ML XAt
A et
B dr e dr dr de e drode dr e drde de e Jdrdr dF O dp WF M ME o W i oW
A e e e e e e e e St a e n e e e
o
A N e e e A i
A e e e e e e e N E N NN E NN E NN
A e
o o o o o o o o
A N e e e R e e
A e e e e e e ke
Pt i ot o e e e W
Jr S dr drde S dr drdr Brode dr o dr dr o dr Br o e dF ol dF OF B O dF Ol OF B O B O
R N e W e R R R ek
T 4 k &’ i b kb i i i ki
T N e
T
S dr dr dr dr de dr de dr de dr de de de de dr M ] n ] ] n ] ]
e
o e
e e e e e e
£ e e e ]
R e alaaaa
K K X e e kK K K ke ke K KK e i
P S e e e g S v S u o mn m.
e e e e e e e
....rH.r....rH.r.;..r”.r.;..r”.r....r”.r....r”.r#.r”.r....r”.r# ] ll ] n ] ll ] ll ll
e e
T
O e e e N I L M M M M M M M M M N ]
P e ot ot et et et A s el el 3
Jr S dr drde S dr drde drode dr o de de o dr Br dr dF ol dF dF kO dF dp ol O A
E Nt N et Nt e N W e WA M 0
e e e e o]
S de e drdr de e e de de e drde de e e dr e b dp WF M ME O W i O W d
..tHt._..tHt...tnt.qtnt.qtnt...tnt.qtntktnh.. LR N M A ]
S
R N N N N
._..rH..1....._1H.r._..t”kkk”t#k”k#t”k#k”k#k”&#
T P e i e o Pt
....rH.r....rH.r.;..r”.r.;..r”.r....r”.r....r”.r#.r”.r....r”.r# 5 5 5 5 5 5 5
AR e R N W R ke kX x eka
R N N M L M L MM I AL M
P e ot ot et et et A s el el 3
Jr S dr drde S dr drde drode dr o de de o dr Br dr dF ol dF dF kO dF dp ol O A
«tHtktHt...t”t...tntktnt#t”tktnt&tntﬂi PO ...4”.__..._4H4._._.__.”4...4”.__..._4H4____._....
R T T e
R i e i Pt R o Pt R
..tHtHtHtHtHtHtHtHtHtHtHtHtHtHtHtHtHtHtHtHtHthHthHthHthHthHth“
T
Jr drdr drde S dr drdr Br o de drdr dr o dr Br o e dp dp Jr o dp Jp o dp dr dp Jpdp dp o dr dr dp dp dr
A e e e e e
e e e e o]
S de e drdr de e e de de e drde de e e dr e b dp WF M ME O W i O W d
A o e e W e
R e e el sl el e 3 sl
A e A e A A kg R e e

ZINSYIN
NdVIN
MY
NV N

FOIT

£O1

oF

4}

SNH
TLHdH
3515
CHZALO
THZ41D
DHSPEAVO
qasraayD
YsrQave
TNIS
OINVY-
4DNV
NV
ZADNY
IINVA
VYIONYA
80043
93343
QD43
TABE
£€0043
AR IE
2043

VYI3HIDC
ZAIHD
THIHD
OND2
ALt
¥IHE
ayve

Hiy
LY

X3dY

e e e
....r”.r....r”.r....r”.r....r”.r....r”
Tt P it

35£31093p PO



US 9,242,000 B2

6dsH X34l IX3¥l 4ONVA

.
T
.. i~ “l”ln u..p R ottt H it .r.v_n ;v_mu__;”. . r L e mxmnmxmxmxmxmxmrﬂ ”rﬂ
x u A A A A A M A 2 . a > oy A A A
v ! x A i . XA A A A A A A A A A
B x N A A A ' r X ) A A
x A A A A A .. N " " AL A A . o e e e
.. . x e L N S R R S . A . A e 2 A e
N RN | " C A i o A e, e AL A A . e e e e
L R .or x m 7 O A A A O e 2 i e e e
L AT TR X kX . x N A A A A ol - . XA ) A A e e e
L. P L x E A A e A A A ) AL A . o A
B P [ ) | o A A R . AR s B i
L C x O, A, A A O A . iy ; A
| L o A, - . A A A . e e e e e e e
v x O O . g N
e B~ | N R NN NN NN NN ol W XA A A A
O . nln.r.__ ..1.r.._......._.............}.b.}....}....}.}.}.b.}.}.l.}..-.}.l.}.l.}.....r...b.._ .- . | ] HHHHHHHH!HHHHHHHHHHH o Hxxﬂxxxﬂxxxﬂxxxﬂxxxﬂﬂi - L] .HHHHH!H N N .HHHHHHHHHHHH!HHHHH o
v o o i i i T i e i ek | o A e “u 2 A e e e e e e e e
v PN o aa a al a al al aa aare < x XX KA e . A N N e
v N o A e DN S o ) . A e o - . i XA A e e e
v N N R R R R el ) .. A o KRR K e . i . e e e e A A
mez Va LR e ) e . b T P a0 N Vi g
_ v C - . B R R A A AR A a I . O A A A
L ! . R - B al o e e e e e e e
v .. | A e A A W A A o awM . o i ol
L ! . Mo R X XA AR XN N a i r o i A e e
v < e . N A e e e i A N e e R A
. O . E R - . e e o e
v .. KA A X xR a R A R A A A A A A A A A e N . A A A A
v o . M T TR R R R R A e A A e e e B ol e e e e e e e e e adn e e e e e S
v < ol e . R R W R R R R R R R A A R o w o N e I
L ! o o . F - . e e w  a A e a a a aa
v .. N TR . A i e L A A
! ; O . E i . o
v .. KA xR . A R R R R R R R R A A A A A A e e e N e O
! . o . o - . o e e A A A
v . i R N ) T
v o . XXRRERERRERERREREX VXX EXX XXX 2N il . R e A A A
v o e e N e e e T e A AL M A E e e e A A A
a O | | o - . L e
a e e A o i e WA X R A XXX XXX XX N A
v A . - o . Fo ) i
L e e S I ) N A R R R R R R AR R A M A AR A
S . M N M) e e i . T
- » Lol T e pi R e e e
SR o . e e e e A A R
R ) " o e KX XXX XX XXM XXX
VSN - L) b - . o e e e e e e a ad A A e
2 L ) ! v RN T e N K E XXM R A
e x X x X xxxxx x x A B ol " " KA XX EX XXX N . R R R R R XXX NN
L ) Ll v o R ) g R e e e e
VO - L) Ll e WX X ER R x . e R A R R A R R A A A W R R e N
. KX XXX X XXX XX I U S S R i 2 o x x e ) K EXEXR XXX XEALNEEXXE XX XXX XA A
O Ll el o i . i e e
2 N xx xR B N r T ) K EXERXEXEXXEXER XM EEXEE XXX XA
B X XX R X R R xR A By U U Ul O e e i r T
i e - U s v N o ) pog e e
e x x x x  w xw x x a By S aCaCaratat ) XX X e i . L) e R R R R R R R R R A A A R R W R R A N
B A x x a x x x x x xx A B o A N R XXX XXX XX XXX O XXX XXTXXEXEXXEALMNAEAEXAXEE XX XX X XA
O e B St atalatatatalal] b - . L] A e R R e R R P R A A R A RN
XN R N v R T K EREXR TR EREXR XM EXXE XXX XXX X A
n_ _ A xR xR X By U aCaCar ettt AR REREX R R X N r L) R R R R R R R R R R A A R R R R A R WA
e Ca W r XXX xxxxxxx . o O pg e e
SN W i i e e i e e i i e e e e e e e i . L) e R R R R R R R R R A A A R R R R R R R R RN
A x xx xxxxxx x B R N r i T KXXEXRITRXIEXARE XK EXXEXE XXX X X X A
O W i i e e e i i iy o e e e e e e e i . L) e e e e e e e R R e e e R e e R R R
0 N x x  x x x U W R T o N ) KX ETRRERERRERER T AMEXEXXEXEX XX X X X A
X X R R R R R R A « W e e Tl e e e e e XX R ER R E R R X N . L) R R R R R R R R R R A A A R R R R R R R R R A
e . el e ax  a w  e x x a o ) o
S B NN b . L) 2 P T R R R R R A R R R A
B x x x x  x x x xx x . r e e e e B X X X XX XXX XX X A NN NN 2 xR e R R R R R AN AR XXX XX A
O - o et b - I A
e x w w x r x . a'a a'a'a - e e R xR R W
e x e E R R R R R X TR e e e e i e R A e x i )
. xR e e XX X R R R R R xR X B o N N g
8 B X R R R R R R e e e e e i W A ke ke ik - - el xR E R R R e )i
mcﬁ m-E o v N N e A,
2 e R R R R R R R e B Ul el sl sl ol 1) - 2 X R R R R R X
B xR xR C X E R R R R R R X B N N T I T VT T e
B xR R R R R R R R R TR R e e i W B ke i ke ik N xR R R R R R R R R X
B 2 xR R R x xR B 2 xR R e B a2 N xR R R R A
xR R R R R R R R R R R e x P B il b B xR R R R R R R X
B 2 e R R R R R R R R A B X X R R R R R R R R X COEEE TR R Y XX R R R R R R R R A
B2 e R R R R R R R R X b - B sl sl sl B x r R R R R e
L ) A 2 xR R R R R x xR xR R R R B N B Y e e R R A
t xR R R R R R R R R LERRERERRERER KN M e Ul X R R R R RN
R B X X R R R R R R R R R xR B o i N Y X X R R R R R R R A
B X R R R R R R R R R X X ER R R R R R e W B e e el e i kb B xR R R R R R e xR
N x xe r  er r rr x I x 2 e R R e R R R SR e e e e B e R e e R R R
"2 e R R R b e B i T e i e e 2 X R R R R R
e B 2 e e R e xR B X X E R R R R R R R X xR B o N i R XX R R R R R R R A
B AR R R R R R R R R X XXRRERERREER R ER N D OOt N xR R R R R R R R R X
. . N R R R R R x xR 2 2 e R R R R R R R R X B o ol i e R R R R R A
xR R R R R R v ERRERERRERERRE®E X M D N U X R R RN
e _E —u B 2 e e e e R R R A B X R E R R R R R R R R x i e e R N IR R R R R R RER R XA
5 e r b - e Ottt sttty e e e e e e e e
[ .. e r ' x e e R ERERER X M e i e B A e e e R E e R R A
" X e R r XXRRERER R ER XX N D R R xR R R R R R R R R X
. e B YR E R ERERERRX . e e e e e e Y IR R E R ERERE A
B ) X E R R R R R R e e R R R o B xR R R R R R R R X
z > _ u . =% S r A A B ACNCNCNCNCNCRCNCNCNCNCN B o N,
o . o L B x e R R
.. i 22 e E R e x x 2N . . . a2 e e R E R ERERE X
. L " o FxereRERERERRERN
.. . cor M e B0 . N x EE E A
S . x ol r S R - i L
. . "2 n'x ® x " x'w x x A
! L X R L - 2R X
. r x i x x x ™ o E i
! e al X i 2 3
. I B x x w ® X " w w L
! L X R L - X X
e - "2 x'x ® x "z A
" ) R L 2 "
x x I i x x X X ' x x i
-"x " r A e L - o ]
x " . - i x x X e E i
e x e a X R L X r "
XK x I e x x ® x " x'w A
- x L ] L - 2R )
N r x L x g Sz i
-"r e a ] i xR 3
xx x I i x ® X . . x A
e x w2 ] L - X 3
xE X I B x ® x . x !
- x ) ] L 2 "
B ® % I .o . . - . % x L
- s ] L - xR 3
x X x x 3 i x Y - . -
- x a0 ] L xR X
= X Bl r 3 B = g N L,
- L - ] L - X ER "
£ I | A - r 4 | . T '
- "n w2l ] i 2 ]
xx r i x ® X T .
B " x ] L - X 3
xE = x B x % - .
- x e ] L 2 "
. | M .or x E A P P . X |
- " ] L - xR W
r x I3 i x ® X . x i
=" L i X K i [ &M K
I B x ® x B "x !
- x e x ] L - 2 "
P T - r o . . S [
"x 2 ] L - 2 3
x x I L x % " x i
- x i - ] L - xR X
x K - B "x X _—x !
e e ] L - xR "
N . x x I Y X 2 I x i
-"r e ] L - xR 3
x X R i x x ® X . x i
.”H"lnllnllnll"x” 1“H"nallnllnlln“x. .._Hn“llnllnllnaa".
x Ll el a e X I X Ll el e el 2 P x LUl el U A
B e e ) O e e ) . e A o e e e )
R K Kk Xk kX Kk ' e M e e e e ke Ce R e e e e

O O N A

L] . . - . .'-'.' '-'.'.'-'.'. '.'.‘-'.'. -'.'.‘-'.

Jan. 26, 2016

|0UOD) &

Q 3inbi4

U.S. Patent

asuey) pjo4



US 9,242,000 B2

EE PR o »E R
L e e e e et et e e e el L e e )
L o e e e e e e el e e el e e el e 3 e el el 2 el e e e e e e e S e e e 3 e el e e el
P e P N NP N

Ul » »
et el e e e ) )
LN N N

EFEEEEEF
L0l el e e e )
P N )

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiilii.{_
[T R R R R TR R I N R T T R O R R I I R T T R R R R R o O I R T I R R I T N I I I U U )

o o o oo o o o o o o ot o ot o
A i e b i e e Jr e o & &

Sheet 9 of 22

HEE N III III III III III III III III III III III III III III III III III III III III III III III III | IH. X

| | || | | || | | || | | || | | || | | || |
Ll BB B BN EEEEEENEEENEEEENEENEENEEEENEEENENENEENENENNNHN,)

L]
L

L. |
A
L)

L]
L

L]
L

L. |
L J

L

L]
IIII‘.'II

L]
L

L]
L]

i

L ]

i

h

Jan. 26, 2016

6 2/nDi

U.S. Patent

)

b A

e sssnsssss s ss s s sesssssissisCsnssis s eld sl se s s sns s s ss s s s sessse s s e elelele sl

Pk

L T I I O ol I O e ol el e L el L o A Ao o e e

Fee's's’s’

*

R e e
L N )

L]

L L I I

[

L)

*

-

[

L)

L

[

4 & m & & m & & m & & &A & & & & & & & & & & & & & & & & & & & & & & & & &

-
Al
L

B L L e e e e

Ul
e e )
PN NN

b h b b ok ok o h h o rd S

.lllllllllllllllllb

dre dr b odr b b e b S b b b b S N

Jod o d b de b o de b b e b b de b b b & B | K
3 I.Hl-l Hd

L&,

s

&

LA X X KK &N

= KK

...n......
a et e a e e "
i
b b b ko
oM oo dr S dr b 0 4 0 O
N )
i dr i p e e i i i i

u J
N




US 9,242,000 B2

Sheet 10 of 22

Jan. 26, 2016

U.S. Patent

0T 24nbi4



US 9,242,000 B2

c0l-glW

Sheet 11 of 22

g1 1430

190} XY ZH-A

Jan. 26, 2016

SJIANH

T ainbi4

U.S. Patent



US 9,242,000 B2

Sheet 12 of 22

Jan. 26, 2016

U.S. Patent

(AD) uoneipeis)

pe-dilld Uy  g0T-yiw juy 1433 | | o

j . ”x”u___Hr”u.”rﬂu”rntﬂr”u.”rﬂu”r”xﬂrn - - A v.m i ” it H x”x”u__Hu__”t”tﬂunt”tﬂu”t”tﬂu”x”xﬂv.
A A A A A A A N A AL o A A
. P A A A e . w o A A A A e a
EO A A A, - . A A A A A A, A A i, o
. o e - - . Eo A A A, A e e e e e e e A e A A
Eo A - F A A A A A A i O
e e e e e e e e e e e e e e e . A . AL AL A A A R A A R A
Eo A A . A A A o
. o e A A A e - . AR A A R AR R R R R R R A R A A
Ao B B ot . oA oo ottty T
N N . LA A v R A A A A i . . & e e e e e e e e e e e o N e O A, A, A R X A
. . i i i E o A A A e i R e E A A i
- R A I v SR R . . S . o A A i R R R RN
. . A o e e e e e o i i - . A A A a a a a ZXER X REXRER XX R XA
. . i - ! ! . o - - . o A XXX XXX KN
. N O - . A A A A R A A A T I
o A e - ! " . AR ER R xR I . AL AL A A A A A
i - . A o - . e e A e I e e I e e R R A
b A . e e e ! ! . AR xS e Ao A A XXX XEXEXEXEXEXEXRXEXERXRX
o e - . i o A i - A e e e e e
b A - A e e e e e e e RN ' ! . o i . A AR NN KA
e e o o o e ] : xxv.nxxxxxxxxxxxxxxxx~ . ol
B A A AR K N R X N X A A T e o v A . . e - S !
g e - i oo o o o o e o o - i
b A, - o e o v SR N . g AR e x I . o A ;
e e e e e e B e o e o o o o e e e e o i - . A e
o . - ! ! . A i - . A ;
R - O g PP o e oo g o oo e o e o o AR A
C R T AR S ! " . O A A, A A A, S A A A A e i . AP !
o e e - N Y A A i i e - o e o oo X
ol I - R e ! ! . NN NN AN AN AT EEE XXX xx I . rrxrururx
e - C R, A A i i R - A N
b A I - A A e B ! ! . O A A A A A A A e A e . e e e A
e e e e e e T oy o e e o) ! i T T e T - . oo o o
N xR X A . AR R XX . ! ! QO A PN A A e e e e o o MO e rrunnunnu
i, - - N N, - . E A A A i e e ey - e e
b I - AR R S ! ! T I A R R R R R . o R
e e a a a wa R AR A e R e e Al . A e
oA - R ' ! . E A A A A A e - . A
e e e o TR I, - R A R A e N - e e S
R WA A xR ! " . AL AR A R R i . i
i - N N C A A A A A - . C
KA EX X A R ! ! . I I B B B i e - - e rxanannaa
Ca P B AN X X NN N NN K NN N A AR e e A T R R A A R R Al o
o - i - ! ! . O A A A A A i e . rxaxaxnxa
e O E e T - . o
BN A a a a a a a ax W R - ! ! . AL AL A AU A R e e ko MO e :.xannanna
e - LN L A A e i - Y o
KX XXX A WAl o xS ! ! . I I I e i i i T - . rxaxaxnxa
M AKX N XN XN XN XN N A (P R R RN R . o
ol R - " N ! . o A A A A A i - - . rxanaanaa
O LN e e e e e I I I I I Il R A e
B xS a a x x a w x e x Al L - ! XXX XXX XXX N I . . A A i . :.xaxnanna
o w a LN e e e e e e ad ad ada . ! C A A A A A - . o
- R N e m H — _ — . R R A R R A R A RN WA EE TR EERE TR XX x xS o e e
R R R A AN A XXX AR R R XA b - O m- ¢ v.xxxxxxxxxxxxxxxunaaaaaaaanaaaaaa.1 b
LR - W e x x xx x x x x x x J ! o . . A A i i e e - = A '
aEE R NN R RN RN - O A A A e A - B o o o o o o o o o T R R A . o
B x x x a a a a a a a a x a AT X X X xR v . AR RN R ERAEEANLARERERERERERERERERRERRR KA I e rnannanna '
o e e  w L b “ A A - Y o
B x x x x x x x x x x o x Al WM e xx e x x x x x x S N . XN NN ER RN N EETERREEREREERE R E R R X . rxanannaa '
e  w x  x w J XX AR ERE R R X X o e a B A A R AR NN ENEENRXXALEEEEEREER R ER R R R A . o
XXX XXX XXX A B x x x x a x x x X x xR ! XX . . AR A R KR K NN E R EREEE R ERE R EE R E A . rnanaanaa '
O e e L e V MR R R RN RN A R AT X EREEREER R ER R R A A X
B A x x x x x x x x xx x x Al Xxxxxxxxxxxxxx ! XXX XXX XXX XN I . XXX TN TR XX TN L IR ER R EE R e e x ) . :.xannanna '
e e - LN A A A AR R K K NN R R R R R R R R R R A )
AEXX XXX XXX XX AR L R e ! ! . XN NN ER RN N XA EREEE R ERE EE R E X . raanannaa '
R e e e e P A XX R R R R R R R R XA RN NN AN X ELAXEREEEREER R ER R R A XX R XX
XXX XXX R xR A Kxxxxx xxxxxx xx B R N e W . KN N NN EREEREREEERERE NI . rnanaanaa '
o R R R R R R R R X X X R R R R R R R R b e e e e e e e e e e e e R R W R R R R R R R R R Al XXX
. . . x . . . L, X P .
1.HxH:Hﬂﬂ:ﬂ:ﬂ..”a“n”n”nnannnx H . rxHaHn“a“a“a“n“n“n“a“a“aHx” . . pHxHﬂHﬂHﬂHﬂHﬂHﬂHﬂHﬂHﬂHﬂHﬁHﬂ . 3 r.HxHxHxHxHﬁﬂﬁﬂﬂﬂﬁﬂﬁﬂﬂﬂﬁﬂﬁﬂﬂﬂﬁﬂﬁn. Hxnaa__.a..___anaaannnaaaann:aaaaaanaﬂ - ” Hﬁﬂﬂﬂ:ﬂﬁﬂlﬂﬂﬂﬂﬂﬂﬂ: .
R R R W X X R RERERRERRRRRR B ; 0 - . XXX R
BN A x xR xR e x x AT B xR xR xR xR " ! . NN N EE R EE R EEEERER . . xnanaanaa '
T - X ERE R RERRERRE R R R XA N P P B A i A A X X - XX RN
B a2 xR xR xR R R R X A XX xR R R R e e x xR ! " . i A A ' . xnannaana '
o e e e e e R e X AR R R R R R R R R R R o - Y " R R R
X xR R R R R R R R R R R AT X xR R R R R R R R R e ! ! 1 _— _ _ L . . I . . xaanannaa '
i X R RERERRERRERRRR A R A A A A e - XX R R
B 2 x xR R R R R R R R x Al xR e e e x x N . L ' B e '
T - X ERERERERRERRERRERR N KK XX e e e a a a  a  a a - WA R R
N A AR R R R R R R R A 2 R R R R R R R R R R R AN v NP A m _ [} . o, A, A A A A A .. R .
e - xR R R R R R R R R R R R b a-a e ae e ae e e e e e ad ad a al e - i 3
B x xR R R R R R R R R R XA XX e e x xS B xxxxxxxxxxxxx il } . a L . . XX AR ' e '
CA R R R R R R R AR R R R R R R R R R AXREXER X REXRE XER X XM o - MR R R
B x x'r R R R R R R R R x A e e R e e R e e e e v N e . R T T T T T T A A . o '
T - X R RERERERRERRERRERRE N K A K A e e e e  a a - MR R R R
B X * * E R R R ERERERER X A XXX RERRERERERERNRER T A BT B xrrxrxrAaxxxrxxxxx x BB d A - N EXEXEERXEREEEEXEXEETE NN ] [ L] HHIHIHIHI '
) X R R R R R R R R R R R A AR e e e e e P I I oo ae e e ae e e e e e - b
B x xR R R R R R R R R E X A xR R R R R R R R R R N . XXX EXE XX LN AKX . B e '
X e e e e e e e Ji X R RERERERRERRERRERR S XXX R R XA o i x_ AL X X R R R R RN
B 2 x xR R R R R R R R x Al N X e e e e e xR v N o A e x 3 o '
T - X R R RERERERERRERRRR N R R R R N O x A KRR R R
M x x e E R ERERERER AN B X R E R ERERERE R A B x x x x x x x x x x x x x I 0 B X A XXX NN KX r ' N X X R R R R R R R '
e - xR R R R R R R R R R R X R R R A P N L - KRR R R R
B 2 xR E R ERERER> A KRR EEREERERERERERE®R XN v N . XA LN R i B x 2 e x xR '
- IR RERERERRERRERRERR 2 XX ERE R R ER R o x A B xR R R R R R R
N 2 xR E R ERERER ALH B 2 R e R R E R R R R R R A v M . i - w '
T - X R ERERERERRERRE N XERRERREERREERR X A N R NN NN x A X X R R R
N xx Ex x A X R E x r x I B x xR xR TR R xR X A : . XXX XXX X EX X EX X EXN N ER i B x 2 e xR xR '
P x L - xR r = E e E A R R R R R A o r A AR R R R R
N x - o 2 B v R ] . T - T '
b x L - B e x EErERrr N XX R R R ERREERR A 3 XA X X XXX XX XN x A XX R R R X
N x xx w Al e xS v . o e ] '
P x L - xR x XERERRERERERRERRE R o i x A e e e R X
LA x_ AL X x xS B X xR R R R RERERRERR XN & p . Z XXX EX XXX XXX X XXX KR ' J A X X X R R R R RERERRERRRXX A
i L - x r " L X X R R R R R R A p e e L - XX R R R R KRR R R R X
e i - e xS B xR R R R R R R R R . ZXEXXEXXEX XL XX KR i B x 2 e x e e xnxrex
i x x ) xR R x XXX RERRERERRERERRERS XXX XXX XXX XX XXX x A R R R R R R R
N = r_ AN v x'x e x P B2 xR R R R R R R R R R XA . o - B x o
il L - N x x X ERER R R R R R E o MO x A W
N x x x Al o xS B x xR R R R R R R R R X X s AN i O x x A
i L - B x L X X R R R R R R A e L - ! A
N x = i o e X e B2 xR R R RERERRRERR XN B e e R - ) .
.H.a“l .." -’ .gnn nnn . . ! HnHa"a“a"n"n“n"n":"a"a"n"a”. ! . . HaHa“n“n"a“n“n“a"n“a"a“n"a“a“nuxﬂuna B rEEFEEEFEEEEEREN n"__. H L, L
o x x AN e A e R E R e Er il O o e x X R X R X R A RN LR N e O . P
= - N x % R e . - __.+__.1__.1__.1__.1__.1__.1__.1__.1__.1__.1__.1__.1__.1__. .
N == - e e x e B2 e R R R R R R R R R R X oA
P e L - x L - X EREERRERERRERERRER XERER X EXR XX EXR 2 N
N i - il e 2 N B xr e R e R R RERER X N q d . rxxrg xR e e eI
. L - x L X X R R R R R R R A e MR
N x = x Al o r x e B2 e E R ERERERERX N I X R R RN . . .
i L - X i - XERERERRERERRERERRER XX R RERRERERREERRRERR & 3
N == - o B B2 x ke R E R ERERR XN xR R R xR R X A
i " x x_ XERRERRERERRERERREREX v MO
N = x = A N E e x i B xR ERERERERERX - A
] L - x " L - X R R R R R R R A R R R R R R R R R A
N x = = Al » = x S B xR ERRERERERRERR X E E I o
i " - x x_ XERRERRERERRERERRERX X R REERRERERREERRERERR X 3}
N == A o e x B2 e e R ERERERER XN . e
i L - xR L - XERERERRERERRERERRERX e N !
N = x x Al ' xS B x x e e e E EERERERER X NN s AN
e . x 3 X R R R R R R A 2 P e e I e eI IE T I _IE eI X
) ” Hﬂl II 3 X IIH .1 ! _HHIIII e Iﬂl IHHH. ! u S . HHHHHIHIHIHIHHHIHIHHHIHIHIHIHIHHF “
N == AL e e x g v e e x x i B R R R R X R XA
i " x i 2R " N 2 PR R R R R R R R !
N = x AN v x . - v x x . ZXRREREXR IR IR XR XX A
. L - x L - e A 2 R e R R e R R R R R !
N x = x Al o = xS v N e i a . ZREXREER XN RN
i " X E x_ 2 xR X xR R R R R R R R R !
Nz e A o rx I M L . 2 xR AR R R R R R R R X AP
i L - xR x e X XRERERERREERRERERRERERFE X I
T, e LA A .”xa__.n o T g e
e nEnEnnnny L Ly ...._—_...4....4..........4....4....4....4#.4..........4... x I | e o . n___aa__.aaaanaaaaan:aaaaa:aaaaanar.
[ ....._._ ._._....._._.... x ' R R R R N N N e N ) . ._xna llar. a -, naaaHlaanallnaaanlaanallnaaannr.
B ) P ) R L " x x i e
- - SR xR iy ‘- X KRR ERRERERRERFREX N
. i "x L B e A
xR X XRERERERRERRERERRER R X 3
"x e . e
x " - { B o R R R R R R
i "x r x N A IR R TR AR R X R R X A
2 A X R R E R R R R R R R R
i "x e x A R R R R R R A
xR E X XERXERREERRERERRERERRE & 3
"x L . N e R R R R R R R
xR X ? PO
i x x_ i AT R R R R R R R R R R R R R A
xR iy X R R R R R R R R R
i "x L . ZREXRER XN RN
xR E X XRERERERREERRERERR ER R X 3
"x ! B R R R R R R R XA
2 X XRERERERREERRERERRERRFE 2 3
i "x " W X X K e X e e ke N
xR x . TR R ER R R R R R
i "x ! R
xR X XRERXERERREERRERERRERERFEx 3
"x i B R R R R X R A
xR X XRERERERREERRERERREER R X 3
i x ! ’ _ . ZXRRERERRERERRERRRERTH® I
2 A 2w e e e e R R R R R R R x
i "x ! Y xR R R R R R A
xR X XRERERERREERRERERREER R X 3
x . X IR ERERERERERTETHR I
_.xn__. x N o e e n e
1 ”HH" ” . . 8 [ ‘.‘I.““““““““.““““ '
iy | . . . . . . . . .
_.xn__. x
L .
R x
L n B
.”xn__. o
L A
L. a0
R .
L a0
i X
_”x“__.l T llx_
N e e a X
N N N
r .'H'H'H'H'H'H'H'H'H'ﬂ'ﬂ'ﬂ .

T 2inbi4

L %y = § & §F § 4 3k a & 1 9

L]

L '] € 9sedse) aAY



U.S. Patent

Figure 13

Jan. 26, 2016 Sheet 13 of 22

|
R- 103

&

Control m

US 9,242,000 B2

e o o el e el e el el el et e ; i) e et e el e e el el el e o .
:":":":": :":":":":":":":":":":":ﬂ:ﬂ:":":": :":":":: s n:x:x:x:x:x:x:x:x:x:x:x:x:x:x:x:x:x:x: :x:x:x:x:x:x:x:x:x:x:x:x:x:x:x:x:x:x:x:x:x:x:x:x:x:x:x:x:x:x:x:x:x:x:x:x:x:x:x’x’x:x:x:nr o :i'x: e ;l' e p i L )
A Al A A A A A A A A A A Al | A Al e o e e e e o e e e e e o oo e e o e o e o e o e o o e o et e e P e B M M B M P M M M -
oA A A o o I U N O ) ) ) i
A A A A A A A A A A A A A A A A A A Al | i o oo o o o o ot oot e e et e e e e e e e et e e e pe et
A A A A A A A A A A A Al A A Al i I O I S rrrrrrrrrrrrrrrrrrr
A Al i i i i i i i i | i i i i i T i i i i i i) i e e i A N N I e o e .
A A e A :u:u;u:u:u:u:u:u;u:u:u;l:ux;u:!:ux:u:u;u:!:ux:ux;u:!:ux:!:ux:!:ux:!:ux:!:i!x:l!x;l!:!:i!x:i'xrxrrrrrrrrrrrrrrrrrrrrr
A A A A A A A A A A Al | A Al P AL e AL e L e e e D D D P D K P D P N PN R D N R RN RN R NN
A aa A A A A A A i i I U T i i aa a a a
A Al L i i i i | i i i i i e e i) LTI I I I i i i e e e e .
A oA T ol I U o I i N N
A Al A A A A A A A A A Al | i i i i i i i i i i e e A I N R N N R N
A A A A A A A A e I I O
A Al A A A A A A A A A Al | i i i i i e i i i i i N R M N M M P M -
oA A A o o o I U i O o o A S N i i e N
A A A A A A A A A A A A A A A A A A Al | i i e e A A N N N R N N L
A A A A A A A A A A A Al A A Al I I I O i N i
A Al i i i i i i i i | i i i i i i i i i i i e i i) i e e i N N I N N N N R .
A A e A I O U O O I A R N
A A A A A A A A A A Al | A Al P AL e L e e e e e e e D D D D D D D D D D DD P K
dopm A A A A A A A A A A A A o i U U i I o i I A i o T N N i i
El A A A A A A A A A A A A A A A A A A Al | i i i i i i i e i i) e o o o ot o ot e oot ot ot e e e e e ot gt .
1F--i- A A T ol I U o I i N N
P A A A A A A A A A A A A A A Al | s I i e i i I A N R R N N N N
S i i A A ] T T I T I N N
EL A A A A A Al A A A A A Al A A A A A Al A A Al | A A A A Al Al Al M MM - >
1F--i- i i i A o ol e I I U U U 0 O o o o e
P A A A A A A A A A A A A A A A A A A A A A A A A A Al | i o N oo o o oo ot oot e e e e e e e e e et e e e pe et
B i A A A A A A A A A Al A A Al I I I O i N i
EaL A A A A A A i i i i i i i i | i i i i i i i i i i i e i i) i e e i N N I N N N N R .
’1 A e A I O U O O I A R N
E A A A A A A A A A A A A A A A A Al | A Al P AL e AL e L e e e D D D P D K P D P N PN R D N R RN RN R NN
i i e i el e A A A A A A A o i S O o i D e
El A A A A A A A A A A A A A A A A A A Al | i i i i i i i e i i) L I i I i i e T N N N .
o i i i T ol e e i el e oo o e e o e e e e g o e e e e e
P o A A A A A A A A A A A A A A A A Al | i i i i i i i i i L, e P 28 e D B B B B B BB N B R R R R R R R RN RN M MM,
51 i e e e e O U N N N o
P A A A A A A A Al A Al A A | i i i i i e i i i i i P, e P, 2 L e L e e e D DD D DD D R D R e M M M, e -
L ool o o o o o o i i i i I I U I I I o o A N N o i ) ! 2 el
N i i i e e e i i e e e i e e e i i e e i i i i i i i i e i e e e i g o oo o o o ot o o ot o ot e e e, T e et e o
p 4 'I'
B N B a B  aa a  a s o e .".1-::1--"'.1-:"I o ’ ol - w
S e Ml o Bl o e e e e e e e ol ot Ml e B T B e B B e e ol e N e B Bl ¥ [l " Ml i S P o i B .
* I: ?l:i'l:?l:?l:i'l:?l:?l:?d:?l:?d:?d:H:?l:?d:?l:?d:?d:?ﬂ:?d:?d:?ﬂ:?d:?d:?ﬂ:?d:?d:?ﬂ:H:H:H:H:H:H:H:H’H’H’H’H 'x:x: :x:xxx:x’x 'x:xx e M B B B M MM - o
B N L i i e i i i e e N N R N ]
X i i W
PN i e i i i e i i i i i e e e e e e e i e e e i e O -
¥ 8 L e i I
) AA A Aa A A A A A A A A Al e o o e g e o e e o e e e o e
E ) o A A il i i e e e
Ny L i i i e e e e e e T e e e N - :
E ) o A A A a aa da ad odaad odad aa ia a  adaeaaeodaaa e a a eae  a aaod
) i i i e i i e i T i e e i e e e N R
¥ 8 i i W N
EN) AAA A AN A AN A A A A AN A AN A AN A A AN AN A AL A A AL e N K KR KR R
P o o ad o  a od ada a a d d a dal a a A A e e e o
N ) L g e e a a oo o oo ot ad e
E ) L i e N
PN i e i i i i i e e e e e e i e e e i e e O -
E ) O
) AAA A A A A A A A A A A A A A A A A A A AL L L L e i e e e N R NP N R N RN
E ) o A A o o i i i I W ) e
' L ) N g e e e a e aeo  a a B
E ) oA A A ol o i e el el e e e
» i e i i i e e e i i e e i i
¥ 8 i i W
EN) L i i e e e e e e R -
P e i e i i
N ) L e e i e e e e I
E ) o A A o o i e e il e e e
PN i e i i i i i e e e e e e i e e e i e e O -
E ) O
) AAA A A A A A A A A A A A A A A A A A A AL L L L e i e e e N R NP N R N RN
E ) o A A o o i i i A A e e
Ny N g e e e a e aeo  a a B
E ) A A A A A A A A AL A AL AL, L L L, L L L e L e L
) i e i e i e i i e e i e e e ]
¥ 8 e eI I T
EN) AAAAA AN A AN A A A A AN A AN AN A A AN AN A AL A A AL e K KR KR R
P o ol o i e i a a a  a aa a ada a d
N ) P N I T e e e i I
":*' i :':':':':":':':':':':':':':':':':':':':':':':':':':':":':":':":':":':x:':x:x:x:x:x:x:x:x:x:x:x:x:x:x:x:x:x:x:x x :xx o x: :xx ’
R A A A A A A I"H-lHI-I-l'I-I-l!I-I-l'iI-I-lnlllalalﬂlalnlﬂlalﬂlxl AAA alﬂal "n";-'n';-';-';-';-';-';:';:':-:";:';:";-:";:”;:";-:x;:";:*;-:x;:*;:”:-:x;:*;:”;-:_x;:*;:_”;-:x;:_”;:*;-x;-”;:”:-:x;:*;:”;-:_xn?‘n”nxn”x?‘r?‘v*r”vxr*r”rx )

".'|'|'|'|'|'|'|'I'|'|'|'|'I'|'|'I'|'|'|'|'|'|'|'|'|'|'|'|'I'|'|'I'|'|'|'I'|'|l'|'|'|'|'|'|'|'|'|'|'|'|'I'|'|'I'|l'|'|'|'|'|l

PR Al O A M M M M O M N M M M N M N O M e N M e M e A e e e el g el e

A

x?l:?l:?l:?l:?l:?l:?l:?l:?l:?l:?l:?l:?l:?l:?l:?l:?l:?l:?l:?l:?l:?l:?l:?l:?l:?l:?l:?d:?l:H:H:H:H:H:H:H:H:H:H:Hxﬂ ?ﬂ F'!x?‘!’?‘! HHHHHHHHHRHHHHHPH ~ F! ’
J llIIHIHIIIHIHIHHHIHHHHHHHHHHHHHHHHHHHHHHHHHFFFHFFFHFFFFF

_’ AAAAAAAAAAAAAAAANASAAAMNAKMNK MM XK KRN KK NN KK NK KK NN NN o
L a d  dd  d dd d ae e A e e e

_’l AAAAAAAAAAAAAAAAAAAANNM NN NMNMMNNE NN NN NN NN NN NN N NN NN NN NN NN N .
PR M A A A A A A A AN A A AN A A A A A A A A A A A A AN A A N A A A A AL A A e g e

--il' AAAAAAAAAAAAAAAAAANA AN A NN N M N M N KA MMM M N NN NN MMM MK N M N M M M A -
B i e e i i I e e e i

_" AAAAAAAAAAAAAAAANANAAANMANNNNMMNYEMMX XK KN KRN K NN KRR KK NN N NX MK K
P A A A A A A e e e e e

'_’- AAAAAAAAAAAAAAAAAAAAAAMNAMNMNNE NN NN NN NN NN N NN NN NN NN NN NN NN NN N -
4 L i i e i I I N e e i i

-i' AAA A A A AAAAAA AN AN A A A AN AN N AN N N M NN M N A A AN M N NN NN MMM M N NN N KM K
PR M A N A A A A A A A AN N A AN A A A A A A e e e

_" AAAAAAAAAAAAAAAAAAAAAAMAMNMNK MK MNXE MK KRR N KR NN NN KRR KK NN N M N MK -
L o e e e A e e e e e

_’l IIlIIlIIIIIIIIIIIIIIIHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHFHFFF\" .
L M A N A A A A A A AN AN A A A A A A A A A N N N A A A A A A N N N A A A A A R R R N R N M e e

hll AAAAAAAAAAAAAAAAAAAA A AN M AN A M A M NN KN MMM M N NN N N M A MM N M N M N A A -

R M A A N A A A A A A A A A N A A A A A Al A A A A N A A NN M N e e a A N

_" IIIIIIIIIIIIIIIIIIIIIHHH?l?l?l?l?l?d?l?d?!?d?!?!?d?!HHHHHHHHHHHHHHHHHPHPPP""
S L EEEEEREEEREFERFEELERRERENENEREEBER- R~ B BB -5 NN

'_’- AAAAAAAAAAAAAAAAAAAAAAMNANMNNE MMM NN NN NN NN NN NN NN NN NN NN NN -
P M A A A A A A A A A AN A A A A A A A A A A A A A A R A A A AL A N A A A A e e

-il' AAA A A A AN AAA A AN A A A AN N M A AN N NN MK N M KA MM NN N NN KN M NN KN NN
J M_A A A A A A A AN AN AN AN AN AN N A A A N A N NN N N A M N A NN NN NN N M NN M N NN N

_’ AAAAAAAAAAAAAAAAAAAAA AN NMNKMK NN KRN X KRR R KN KRN KKK XK MK NN -
P Al e e e A e e e e e

_’l AAAAAAAAAAAAAAAAAAAAAMNMN N NN MNMNMNN NN NN N NN NN NN NN NN NN NN NN NN .
L M AN A A A A A A AN AN A A A A A A A N A N N N A A A A A AN N N N A A A A A K KR N N M A

-il' AAAAAAAAAAAAAAAANAAA AN MM AN K N NN N M KM MM NN N NN KN M NN M N N -
i e i i I e e e

_’*' ||'a';u':|'a'a'n'a'a'n'a'a'a'a'a'a'a'a'n'a' LA A A A N N MM N A KKK KK KK N X ?dx?!x?d’?! HFHEH’HFH’H’HFH’H’

'_’- AAAAAAAAAAAAAAAAAAAA PN N M NN M N M N -
R M A A N A A A A A A A N N A A A A A A i

;ﬁ' l:l:H:l:l:I:l:l:I:ﬂ:ﬂ:ﬂ:ﬂ:ﬂ:ﬂ:ﬂ:ﬂ:ﬂ:ﬂ:ﬂ:ﬂ | H H H H Al A M N N M H I!:H:F:H:I‘:F:I‘:H:H:H:ﬂ! ;
S EE R R I'lnlll"l'l"l" H l H H"HHH"H ”x”:ll!:ll p';i!”v”;l!”:ﬂ”;l”ﬂ” .

_‘F HIHIHIH

13U IPWO) UBIIN

LM n:x:r:r: ’
A A A
AL A
':l:al:il:a:i|:il:a:i|:iu::l:n:a:x:x:x:x:x:x:x:x:r:r .
L i i e
i i I I
L L e e o e [
e U P P o

"
3
a
3
o
a
3
o
a
3
o
Y
3
o
Y
¥
Y
Y
¥
Y
Y
¥
Y
%!
¥
Y
%!
X
X
o

'a'a'a'a'a'a'a'al-lal-'a'a'a'a'a'a'ala'a'a'a'a'a'a'al-la'a'a'a .



LR T |
= rF F F rFrrrrkr sk
"
Ll
"
Ll
Ll
"
Ll
Ll
"
Ll
Ll
"
Ll
Ll
"
Ll
Ll
"
Ll
Ll
"
Ll
Ll
"
Ll
Ll
"
Ll
Ll
"
Ll
Ll
"
Ll
Ll
"
Ll
Ll
"
Ll
"

R R R R R R R A R AR e AR A A AR A

A A N 0 D D D D
TH...H...H...... AL k._........k...k .,_....k LN ._,. ... .._. ...............H...*._..... N .,....k...H...H...* e ek ek e e e ... ¥ ._,. X k.........k k.........k LA M k.........k...“u_.___.
T ... ¥y ¥y ..q

LN .,_. h_,. Y el i o Il " e
e Py o) O By 6 P
mmmm N N Y H M B S ilin 008 N ot o)
NN ”{vvvvvvvv MR, e R W Merlnsiots Mo *Hm; e
B e N e e N N D N N dr U e U e e U o
:.}..T.T.T.T.:..T.T.T.:..T.T.Tb..T.T.T.:..T.T.T.'..T.T.Tb..T.T.Tb..T.T.T.'..T .T.T.T.:..T.T.T.'..T.T.Tb..T.T.Tb..T.T.Tb..T.T.Tb..T.T.Tb..T.T.T.'. .T.T.T.Tb..T.T.T .T o .T.T.T.:..T.T.T .T .T .T .T .T .T .T .T o .T.:..T.T.T.'..T‘
:.[.rb.r.r.r.'.rb.rb.r.r.r.:.rb.r.'.r.r.rb.r.'.rb.r.r.r.'.rb.r.:.r.r.rb.rb.r.'.r.r.r.:.r.'.rb.r.r.r.'.rb.rb.r.r.rb.rbbbbbbbbbbbbbbbbbbbbbbbb .r.'.rb.rb.r.r.rb.rb.r.'.r.r.r.:.r.'.rb.r.r.r.'.rbbbbbbbbbbbbbbbbbbbb .r.'.rb.rb.-..'}
F F F F FFFFEFFEEFEPEFEPEFEEFEPEFEEFEEFEPEFREPEFEEFEPEFREEFEEPEFREEEPEREEEEFREEEFEEEEEFEEFEEEFEEFEFEEFEEFEFEEFEE F F F FFFFFFFF FF FF F F F FFF FF

US 9,242,000 B2

e .T.r.r.v.r.t.v.r.r.v.rnnlnnlnnlnnlnnl
s S b A b b S S o b s

Sheet 14 of 22

.__. "

i i ar i iy dr e Wy e
.-..4&4&4#4&”&”... &H.q”...”& Ll bl al &”...H&H&”...H&H&”...H&
l..T.T.T.T.'.T.T.'.T.T.'.T.T.'.T.T.'.T.T.'.T.T.'.T.T.'

Jan. 26, 2016

T 3.nbi

U.S. Patent



U.S. Patent Jan. 26, 2016 Sheet 15 of 22 US 9,242,000 B2

A AL A A A

A A A A AN XN K N M
A_A_A_ A A A A AN N KN

A A A M AN NN NN
M_A A A M A NN NN
A A AN KN KN M

A AN A N A NN

A A A AN AN NN NN
M_A A A A M A N K KN

A A A A M N N N N M
A M M AN NN KN
A AN MK NN N X

M A N A M N M NN

A A A A AN N NN N
A_A_A_ A A AN A AN KN

A A A AN N NN N
MMM A A N N MM
A A A AKX KN NN N
I

Mouse 5

A
A
A
X,
LY

AL

A

FJ
F
F
F
X

ol
FJ
FJ
FJ
FJ
X
M

I!lil
lexl
]
N
x
L

ey ]
X ]

-]

|

|
HIH:H:IIIHH
iiilalllilx

X

N N

X

N N

N M

X

N

"dx?d:'d

i
i
i

HHIHHIIHHH
X
. HIHH!HIHH
L
H
HEH!HHHHHHHHH
EHHHHH
HH!HHHHHHHHH
L
.1!?!:!!?!"!?!

o
AN N N
A
:1:71::!#!:
N N N N
N ]
'xix:x!xuxxuxxxx
L
:x:xxxxx:!xxxx\
o PP X,
i

x
x

£ T Y
W W W W W W W W W W w w e e e e e e

) N 1

(sjoxid 000T X)
ealy TEAD

Mouse 4

LA
vy
QU
g
-
RS)
L

Mouse 3

Mouse 1




U.S. Patent Jan. 26, 2016 Sheet 16 of 22 US 9,242,000 B2

V)
-
RS,
ot
-
3
)
:
O
Y~ B
O,
S £
o0
LS
CJ
L =
Q
et
Q
. -
ju
O




S|9AS3| 9SBJBJION| BAIIR[A PRIy

S931eSA]

din 43ued  ge=llS IXadl W oll§ IXad]

US 9,242,000 B2

) ny
w [\ % " S
S 60 3
o e e
> 2L S s
= 'l R
~ .
— * * 5[}99 1E6¢
g «l . . ST
2 ASeIa4IoN
s 9,
FONVA CXJdl IXddl
y— B e e SR
< . i g
& €0
€0T diud
U -l 43D 1
VNY
ui9104d

/T 2inbi4

U.S. Patent

( Yiw |013U0D SA)
agueyd pjo4

d



US 9,242,000 B2

Sheet 18 of 22

Jan. 26, 2016

U.S. Patent

x>,
1.-’

L

H Y
k!
u.

»
]

-
Y
-, L

- ]
..‘Ill! »

A
N e N N N R
it e e e e i o Pt P P P P e i Pt Y
._....1._....1.....r......1......1.__...1._...r._...r._...r._....1......1.....r.....r.._..r.....T....r._...t....r....t.....t....v....r....t.....r....t._..b
e e e e b i T T P o o e it
N N N N o Ly,
._....1._....1.....r......1......1.__...1._...r._...r._...r._....1......1.....r.....r.._..r.....T....r._...t....r....t.....t....v....r....t.....r....t._..b
e e e e b i T T P o o e it
N N N N o Ly,
._....1._....1.....r......1......1.__...1._...r._...r._...r._....1......1.....r.....r.._..r.....T....r._...t....r....t.....t....v....r....t.....r....t._..b
e e e e b i T T P o o e it
N N N N o Ly,
._....1._....1.....r......1......1.__...1._...r._...r._...r._....1......1.....r.....r.._..r.....T....r._...t....r....t.....t....v....r....t.....r....t._..b
e e e e b i T T P o o e it
N N N N o Ly,
o .r._...t ar .T....r....t.....r o .t....r._...r._...t ok dr .r._...t._...t.....v o .t.....r.....t......_
" m = m m ® =R E EE EEEEEEEEEEEEEEERE

[T T T
F rr
LI I R
F
[ I B |
Frrrrbr rir
[T T T
LI I R
rFF
LI I B
L O
[ ] [ I |
L I O
[ ] L
F ek ke bk
[ ] [ I |
[ [ 1
F e r r r r r ir
[ ] L
F ek ke bk
[ ] [ I |
Frrrrbr rir
[ ] [ I |
Frrrr
[ ] [ ]

Ir
r

F e r r r r r ir
[ ]
[ ]
[ ]
[ ]
[ ]
[ ]
[ ]
[ ]
[ ]

r
r
Frrrrbr rir

[ ]
rF ir
[ ]
o
[ |
[
[ ]
[ |
L
[ ]
[
[ ]
[ ]
[ ]
[ ]

[ ]
r
LI
[
[ I ]
[ ]
LI
LI
[ I ]
LI
[ I ]
[ ]
LI
[
[ I ]
r
[ I ]
r
LI

[
F Fr

[ ]
L

[ ]

[

[ ]

[ ]

[ ]

[ ]

[ ]

[

[ ]

[ ]

r
L

[ ] [ ]
[ ] [ ]
[ ] [ ]
Frrrbrrrir
[ ] [ ]
Fr r r r ir r ir
[ ] [ ]
[ ] [ ]
Frrrbrrrir
[ ] [ ]
Frrrbrrrir
[ ] [ ]
F ek ek
[ ] [ ]
Frrrbrrrir
[ ] [ ]
Fr r r r ir r ir
[ ] [ ]
[ ]

Frrr r rrbrbrbrbrbrrbrbrfrbrbrfrbirbrfrbr b frbirbrir ik b
r
[

[ ]

[ ]

F
F

r
[

S{197) [eljaulopu] Jilioy Aleuowijng uewny
S|130) |elRUIOPUT JBINISBAQIDIA UBWNH
5|10 [Elj24lOpuF UIDA {edljiquun uewny

S} 2SN YI00WS D110y URWINK
PLUOI[SUIOPUD UIRI( 3SNOA]

S{19D) |eW0I1S MOJIRIAl 2U0g UBWNK G-SH

eLIOUIDIR) J11eaIdURd TNV

BLIOISE|OIID £ 8N

EWOISEIQOND 8TNT

BLIOUIDIBI0OUIPY BUNT S/L61TH

T ainbi4

X e e e e e

i
e
S de dede dede dede doode deode de o de de de Je e Mo

¥
X
X
¥

.T.'..T.'..Tb..T.'..T.'..T.T.T .T.'..T L .T.'..T

i

Pl e

Kook oa
Jr:Jr:Jr:JrJrJr
ik
Jr:Jr:JrJr
LA
Ll
LM
Ll
F o e e e e e
L)
L
Ll
LM
Ll
L
L)
L
Ll x
LM
-bb-

LN L
r
r

-i‘r’r'r‘r'r’r'r'rlr
r
r
L
r
r
L
r
r
L
r
r
L
r
r
"

X

L]

‘rnr:lr:
L Ty
kI
ki
kI
kI

Ll g
kI
kI
ki
kI
kI

Ll g
kI
kI
ki
kI
kI
o

'r‘_lr
L
F Ir
L
L
F Ir
L
L
F Ir
L
-i‘r‘r'r'r‘r'r'rlr'rlr'r‘r'rlr
F Ir
L
L
F Ir
L
L
F Ir
L
L

L4

¥ oy
>

L4
L}
L}
L4
L}
L}
L4
L}
L}
L4
l#k.r##k##k##k
L}
L4
L}
L}
L4
L}
L}
"

i
I3
I
i
X
I
i
I3
I
i

¥ k& kb kb ko

F
)
¥
)
F
i
F
)
¥
)

e

)
»
[

i

>
X X
» K
s
L
X X
>
X X
» K
s
X X

X
¥
X
X
¥
X

B e e e e e e
B e e e e e
e e e e e e e e e
B e e e e e e

i >
F) F)
™ i
) )
¥ ar
¥ ¥
i >
F) F)
™ i
) )
F) F)
L) L)

$ &k ki x

.T.T.T.T.T.T.T.T.T.T.T.T.T.T.T.T.T.T.r.
P

LR
e d e el ) ey
L)

ol
RN
L)

e

* i

L]
&
L]
L]
&
Y

[ ]
F
LI B |
F r
L I
rFF
LI I
Frrrr
LI B |
F rrrr
LI I

L .

a = - a
A & & b & bk b & b & b b s E S s OES

F

F I B I R

R B I )

a = - a
b b bk b b & &

!

eBiNan

3

IPIX0Id4 UDS0IPAH

uIIgNIoxoQq

utze|dsiy
uonelpey
BIXOUAH

B-4NL

o & o o &
o .T.'..T .T.T.T .T.'..T .T.'..T .T.T.T

b & & b & & s & koS

lllll nl nl nl lll‘f
e e

e

|
P




US 9,242,000 B2

T

" & & & a & m s s s s s moE s maaoaa O *

" = = omomomomom " m = om mom o= omoEmoam sk h bk

" & 8 a4 & a2 a s a ka8 a s s s s s s s aa X hasd s haa s aaaadnaan
" m = m o m o m = m Ea ma = mEEEE=a L moaoak L
- a

= = = m o= = omoE@

4 = & & » & & & aa

" = o= o omoaomom -

LI B T R R )
" xEoaw

b & b &k bk bk s s E s s s s E NE E s s E s s kS s Ao

l.T.'.r I R I ) a h ) ) A 2 h & & = & a

Sheet 19 of 22

.
X F
__n.__.__h.—.r............r.a.....
bk hom a A A
r & -

"2 s maa
N .
raaanaan - 2 a a2 aaa
R
" & s 4 s a s s s aakaaaaa
a w2 aana - nna
NN
N .
YN
NN " aoa
ra & aa s aaaaaaa
Y
" a8 2 a2 m A a2 s aaacr
RN . o
"2 aoan 2 a2 b a2 s aaaaa
nna L N N N
a k a 4 2 s a8 8 a8 aaaaaa
s omoaam
A a2 moa
s s s
a2 aaaa
RN
a a2 & & & a koo
a2 am

JONVA 15 TX3AYL IS

Jan. 26, 2016

6T 24nbi

U.S. Patent



VNHYIS 4ONV4  VNUYIS [OU0D

US 9,242,000 B2

Sheet 20 of 22

SISOURF0IZUY |eullay

Jan. 26, 2016

U.S. Patent

< -

O

(sjaxid 000T X)
B34y TEQD UedIN

o
_—

O
i

4ONVHIS

0Z 24nbi

C-35edsen) anly

£OT-YIW 011U07)

041N
ui sisoydody

ddVd PeAES|)



US 9,242,000 B2

AR R " E X Ll ol Ll el e
B N M M N M N M N M M M NN e e N R P MR NN NN
...”.._.H._,.H.._.H....H.._.H.__.H.._.H.__.H....._,......._......_,...q._,.................H......._,.......Hk.q...”...*.........n...n... "__.“a:m ...#.........H......... .q.......,........qk......n...n................q...... o T
Aol sl ol ol B i ¥ o A - ¥ ¥
) gﬂk P e “\
C sy L ¥ EE x ¥
N o o ¥
A NNy B O x o -
Lt ok ¥ ¥ iy
At b ol ol 1 ¥ ¥ LY ; i
) o NN N NN NN ; ¥ Pl ¥ ¥ koK
S . e o o il it ¥ T ol
N g e N e A
LNl N At N ko
:.}..'..Tl..T.T.T.:..T.:..T.T.T.'..T.:..T.T.T....T.:..T.'..T.:..T.:..Tb..fb..fb..fb..fb..fb..fb..fb..fb..fb..fb..f ’.H b..T.:..Tb..Tb..T....Tb..Tb..Tl..T}..Tb..T}..T b..fb..fb..fb..fb..fb..fl..fb..fb..fb..fb..f I R S I R U L A U I e ) & a
Irbr & & & & & & & & & & & & & - & S s oA S s A S S OES IE I A T I I I R B R R 4 & & & & & & & & b & & & & & & & &S b & & & & [ 4
4 2 m = 2 m = 2 = =2 2 & 2 2 = 2 2 = 2 =2 = 2 2 = 2 2 & J | [} = & & 2 = &2 2 =2 =2 =2 = 4 m 8 2 m 8 2 m 8 2 m & 2 m &8 2 =2 & 2 =2 &8 2 =2 & 2 &= & a
[ I R TR T D T R R T D R R U R R U I R I TR R R U ) Iy b b b b b o b b o N b o ki ik ik [ I R TR U R U o
alaiasam
ERRERERR "
»
- LR e
- I-_....-..t.-..kb....rl..rl..rl..rl..rl..r Fupl ol .rl..rl..rl..rl..rl.....l......;.i.rl.l il . n
Bl B T e e S S e S T T el " i . . . Y EENEEEE RN ]
PR i i i A K i i e e P L I I W I
L T TR T TR, T T T T T T T T, T T T, T T L T T T T T, TP, T, T W T D WL L T T, T, T T T T O WAL T T, T T, T T T T T T T T T T, T TG W T T T DL T T L. TR, T TR, T DL T L. T T L. A
- - T BT O N NN T O N AT T O T N NN T N NN TNE DT NN R NN T N NN T DN T N NN T N U T DT UNC T N NN TN N NN AR N U TN N NN TN U TN BN TN BN TN T NN N O R A
L e ol kol ko ko ko kol o kot ko ko ol ko kol kol ok ko ko . ¥ [ WY N
T e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e .r....r....r....r....r&.r....r...t....r....___“-..w. #&-I.-;I”L“-.;Ll_ﬁ... #LII-; .__._.ﬂ A .__.l"_.ﬁ A ;Ll_._-.__. #L"I”L“I"Ll_ﬁ... #LII-; A ;L-..__. o, .__.Ll_..-.a ;L-__-_.__. #Lu.-....ﬁ-.;tl_ﬁ... o, .__._.ﬂl“ A .__.Ll_..-.a A #L"I" A ;Ll_._-.__. #LII-; ...L“I“L-....l"_miﬁ.q
R N e B e e N T e e T e T e e e T N e R P SO A AN NN N NN NN N S0 MMM N L NN N N NN N D NN N NN N N NN N I NN N N e N N N e S
LY B N N o iy vl v v el x N X w & v il x L BN £X T el v ¥ .r.....r.._..___“-_.. A e e e e e e e e e e Ml e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e
U B N X A X N RN S N A £ L A L EA LN R A D PR R L N ¥ ol N R LN 1 B A o o KA o gl ¥ ¥
SNy £y i At N e L S A A £ R W o s B L A [ .r...t....___"_... N, X N ¥ o A o W Al K o x| N AN R A x| ¥ & X i &
LA H . N K o N R R K A A H N ] o ) o N R RN X N ¥ N R LN L K, N N o R R Rk ] AN )
B S a2 R S R R S X N R o POl e ot A o e WO "S5 e i e e o Wl M MO L m e om0 5 MO0
B e S S b b g b S e e P i i i i Pl e . B Sl S S Ly iy s .._..r.,_.*.._..r..........r.........t....q...t..........rT....r....ft... F e S e e o o g e g g My
ir .r._..t.._.T.__.r.__..1.._..1.__..1._...1.__..1.__..1.__.r.._.T.._.r.._.t.._.r.__.r._..r.._.T.__.r.__..1.._..1.._..1.__.t.-.r.-.t.-.r.-.v.-.r.-.t.-.v.-.r._..r.-.v.-.r.-..1.._..1.._..1.._..1.._..1.__..1.__..1.._._1.__..1.__..1.._..1.__..1.__..1.__..1.__..1.__._1.-..1.-..1.-..1.-..1.-..1._...1.-..1.-..1.-..1.._..1.._..1.__.tb.r.-.r.-.r.-.v.-.r.-.t.-.v.-.r.__.r.-.v.__.r.-.t.-.T.rl.I:. dr dr dp dr dp dr Jdp e e dr Jdp de dp de dp de dp e Jdp e dr dr dp dr dp dr dp e Jdr de dp Jdr dp dr dp dr Jdp dr dr dr Jdp de dp de dp de dp de Jp e dp de dp de dp de dp dr dr e dr Jdr dp dr dp de dp dr dr dr o
\l.b.l 4 = 2 = & m & W & ¥ & ®m & W &2 N & W & N & N &4 %N A N & N & N A N & N & N A W & N & N A N & §N &4 N A N & N & %N A N & 5N & N & N & 5 & = & = & =5 a = ann bk '.. ) .#*.T.T....T.:..T.T.T.:..T.:..T.T.T.:..T.:..T.T.T.'..T.:..T.T.T.'..T.:..T.T.T.'..T.:..T.T.T.'..Tb..T.T.T.'..T.:..T.T.T.'..T.:..T.T.T.'..T.:..T.:..T.'..T.:..T.T.T.'..T.:..T.T.T.'..T.:..T.T.T....T.:..T.T.T.:..T.:..T.T.T.:..T.:..T.T.T.'..T.:..T.T.T.'..T.:..T.T.T.'..T.:..Tb..fb..fb..fb..fb..fb..fb..fb..fb..fb.*** o
ra 4 & aaaasaaa dadaa s s s s s s s s s s s s s s s s s s s s s s s s s s s s s s s s s s s s s s s s s s s s s s d s s s s s d s s s s s aad k. F I B B A A B R RN DR R R R RS R R R R R R R R I R I A R D R N A A DA B R BN D RN R R R B B B I DA D DA DR DA RS B R R R R RN R R R B RS R R RS R R R R
i T R R R e R T T e e e T R T R S R T R e R T B T R e R T T T R S B T T S R R R T T R e R T S S R R R T S S S T R S S R R T T S R R Rl T R S S B R S i LA 4 &4 m # 8 m &4 &4 -4 - 24 = 4 & &4 &2 2 2 4 & 2 & &4 &4 & & = 2 4 4 2 &4 = 24 4 &4 2 2 &2 &4 &4 = &2 2% =2 &4 &2 = & &4 & &4 & = &2 &4 2 &2 & = 2 & 2 &2 =2 = = &2 = B
' . . I R SR R R T U U TR N TN U T R TR R U D R I I T T R R D R I R T R U R R T R TR T R U U I IR T R R R T R TR L R U R TN R U R R S R U U N R R R )

Sheet 21 of 22

 Moa
.HF!P
A .HHHHP
HH”!”F”H”H”!”PH?H .!”H”u_.
o FHHHHHHFH HHHHHH -y .HHPHHH!H HEHHH
A A A F A i F g y F
E s A e [P A A F i -
LA M W A N N N LN kA o E g
AN A [ A A A LA A A AN A A A LA A
- o - E i F g
A L A NN E g oA N A AN N
A o A A AN A LA A
H L A A F - -
oA LA AW A E i E g
A A (A A A AN A LA A A
H S F o -
i R & - A AN, L XX,
. A o i L
q -y - - LA
N E i L LA M
A LA A L A A
LA A i
u_.Hr” " .”H”nr : r.n”u_””v.
”n”y””n Hv”nr.nv ”H”n”n
LX) ; b
; ”r.”r.v. ”er.v.
k ._”un u.”r.
H.r..!. . LR B N NN TSN N NS NN NN NN NS NN NS NN NN NN W]
o &
9 L e e il ol L]
E ERCRC N B S N NS N N MR )
.._._H...”...H....H....4....4.....__....”...4.........”...4..........4....4..........4....4......... ir iy
B dr i iy ir
._._H...”...H.... o ar iy
L i ir ir iy
A e rat iy iy dr e
X, Ea ar
A, CE N ) L)
.r.”u.””rr H._..”....H#H#H###&#H#H#&#H&H#HJ..& *
.H”!”H ) .-_”.r”.rH.rH.rH.r”.rH.r”.rH.rH.rH.r”.rH.r”.rH.rH.r.-...r.r.r.....r.r.r.....r.r.r”.r.r.r”.r”.r”.r”.r”.r”.r”.r”.r“
A X drdr dr dr dr dr dr o dr b o dr dr dr dr dr dr Jp Jr Jr dr dp b dr b dr e & & & b X
.S.Hu..u_.u.. PR T T T R T T T R R R R R B R T R R '
o i
.Mwnmrr
A
o
..u.“!u..
A

Jan. 26, 2016

-_-_....
. .._.
et ; -_.-_.__.H....H.rn.r“.rn.rn.ru...._..".._”"t Cal
> au”"l“l ; L-_-. .._r.......r....r....r.r.r....r.r...........ﬁ"l"-. o

. oA de drode de e dp W T

-
.-..-..-..-..r.....r.-_u""l". Ca ) ) 'v-t......._..r.r.....r.r.r.....r.r.__.r oE R
B _

[l Sl i
.-..._..r.._.._..t.r.v.._..r.r.r.._..v.-..._..-.l e .
e "

. l"- Lll i

. o F . -
- LlI"l.._..._....._.__.r
- oSt -

W Lt o ) -ﬂl"ul
. B i .
r-_L-_ et et -.-4...4...&&......#441"-"! o ww W dr d e dy i i Il.__l"-_.
m-_._p-. _-.n....._.....r.._h_.i. oL . e T n .o e
o, ) . B dr de dede dede de de dr de dp

A e e e e ) e e e
....._....._..r.rn.r .r”.r .rH.r.r.rH.rH.._..___.__.L“ﬁ"-.... . L o
........ [t e P _Lll._.r. '

P
B d kA kW .
* l..-.........r....r.r.r}..r.-.wl"i .

e . l......-.......r.r”.r”.r.r.r”.r”.._.._...._. o -.“.__”.-..r ! .r.....r.r.r”.r”.._......._ ! .
.-..._..-...1.-...1 Pttt .T....r.-.....-_.-.l"-l"l..... . .-..._......r ¥ ....._...r T e e ) ir E A
A R N N . . A FET e e
Wk b b Jr b & b A b d a . . IR N X B . ok,
L R Al PRI IR AL
!.-...;..r.r.;..r.r.r.r.r—. L aaa s ) N & )
U b & ks e a ke F n r Xk
W de bk d ek a N .
Xy dr & aia ok e .
Xoa C Lt
oS N
. owww
S
-l
[

Z 94nbi

U.S. Patent



U.S. Patent Jan. 26, 2016 Sheet 22 of 22 US 9,242,000 B2

:*:*:*:*:*:*: O
******
kkkkkkk
M ######
a E ******
kkkkkk
#######
*:*:*:*:*:*:J
F N
r:#*#:q-:#:#:q- m
******* w
######
kkkkkk
t ******
######
kkkkkk
kkkkkkk
######
QJ *********** Q
& LR
3 T
& . :
- ﬁ -
:*:*:*:*:J
#####
#####
kkkkk
#####
4
********* @

(wwi'nd) azig Jowny



US 9,242,000 B2

1

MICRO-RNAS AND MICRO-RNA
INHIBITORS TO MODULATE BLOOD
VESSEL GROWTH, PATTERNING, TUMOR
GROWTH AND MALIGNANT DISEASE AND
METHOD FOR MAKING AND USING THEM

RELATED APPLICATIONS

This application claims the benefit of priority to U.S. Pro-
visional Patent Application Ser. No. 61/715,422, filed Oct.

18, 2012. The atorementioned application 1s expressly incor-
porated herein by reference 1n 1ts entirety and for all purposes.

GOVERNMENT RIGHTS

This mvention was made with government support under
grant number HLL103956 awarded by the National Institutes
of Health (NIH). The government has certain rights in the
invention.

TECHNICAL FIELD

This invention generally relates to cell and molecular biol-
ogy, diagnostics and oncology. In alternative embodiments,
the invention provides compositions and methods comprising
use of microRNAs and microRNA 1inhibitors to modulate
blood vessel growth (angiogenesis), e.g., act as anti-angio-
genic agents, and modulate cell and tumor microenvironment
patterning, cancer cell and tumor growth and malignant dis-
case (metastasis). In alternative embodiments, the invention
provides compositions and methods that can sensitize blood
vessels, e.g., tumor blood vessels, to radiation and agents and
chemotherapies that cause DNA damage.

BACKGROUND

Endothelial cells in the adult mammal are among the least
proliferative cell types, with about one 1 10,000 cells enter-
ing the cell cycle at any given time. This quiescence 1s rapidly
reversed 1n response to growth factors during pathological
neovascularization, particularly during tumorigenesis. The
robust proliferative switch of the quiescent endothelium 1s a
complex process that 1s governed by a network of checks and
balances. Small 22-nt RNAs called miRNAs are key regula-
tors of several physiological processes, including angiogen-
€s1S.

The miR-103 microRNA precursor (homologous to miR-
107), 1s a short non-coding RNA gene involved 1n gene regu-
lation. miR-103 and miR-107 have now been predicted or
experimentally confirmed in human. microRNAs are tran-
scribed as approximately 70 nucleotide precursors and sub-
sequently processed by the Dicer enzyme to give an approxi-
mately 22 nucleotide product. In this case the mature
sequence comes from the 5' arm of the precursor. The mature
products are thought to have regulatory roles through comple-
mentarity to mRNA.

mir-103 and mir-107 were noted as being upregulated 1n
obese mice and were subsequently found to have akey role 1n
msulin sensitivity. This lead to a suggestion that these
microRNAs represent potential targets for the treatment of
type 2 diabetes. mir-103 has also been linked with chronic
pain and intestinal cell proliferation.

Trex]l exonuclease degrades ssDNA to prevent chronic
checkpoint activation and autoimmune disease. C-terminal
truncations 1n human 3'-5' DNA exonuclease TREX1 cause
autosomal dominant retinal vasculopathy with cerebral leu-
kodystrophy. In Cerebroretinal Vasculopathy, less TREX1
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results 1n less blood vessels; and the disease manifestations
begin during the fourth or fifth decade and there 1s 100%
mortality over a 3 to 10 year period.

SUMMARY

In alternative embodiments, the mvention provides com-
positions (e.g., kits, pharmaceutical formulations) and meth-
ods for regulating or modulating new blood vessel growth, or
neovascularization or angiogenesis, comprising,

(1) (a) providing a composition comprising or consisting
of:

(1) a microRNA-103 (miRNA-103) or equivalents thereof,
including chemically modified and stabilized forms of
miRNA-103, and/or a FANCF gene expression-inhibit-
ing composition (including a FANCF gene expression-
inhibiting microRNA or siRNA), or

(11) an anti-microRNA (miRNA-103, or anti-miR103)
directed against a microRNA-103 or equivalents
thereol, including chemically modified and stabilized
forms of anti-mi1R103; and

(b) administering a suificient amount of the composition,
microRNA-103 or anti-microRNA-103, and/or a FANCF
gene expression-inhibiting composition (including a FANCF
gene expression-inhibiting microRINA or siRNA), to regulate
or modulate vascularization or neovascularization,

wherein administering microRNA-103 (miRNA-103, or
miR 103) or equivalents thereot, including chemically modi-
fied and stabilized forms of miR103, and/or a FANCF gene
expression-inhibiting composition (including a FANCEF gene
expression-inhibiting microRNA or siRNA), decreases,
slows, reverses, or blocks new blood vessel growth, neovas-
cularization or angiogenesis,

wherein administering anti-microRNA (anti-miRNA-103,
or anti-miR 103) directed against a microRINA-103 or equiva-
lents thereof, including chemically modified and stabilized
forms of anti-mi1R103, increases new blood vessel growth,
neovascularization or angiogenesis; or

(2) the method of (1), wherein the composition comprises
a pharmaceutical composition administered 1n vivo;

(3) the method of (1) or (2), wherein the composition 1s
administered intravenously (IV), or by vessel-targeted nano-
particle or liposome delivery; or

(4) the method of (1), (2) or (3), wherein administering
microRNA-103 (miRNA-103, or miR103) or equivalents
thereof, including chemically modified and stabilized forms
ol miR103, and/or a FANCF gene expression-inhibiting com-
position (including a FANCF gene expression-inhibiting
microRNA or siRNA), 1n conjunction with standard geno-
toxic chemotherapies, cancer cell chemotherapies or treat-
ments, or radiation and the like or equivalents, achieves
enhanced killing of endothelial cells and decreased angiogen-
es1s, pathologic angiogenesis, or tumor angiogenesis.

In alternative embodiments, administering microRNA 103
(miRNA-103) or equivalents thereof, including chemically
modified and stabilized forms of miR103, and/or a FANCF
gene expression-inhibiting composition (including a FANCF
gene expression-inhibiting microRNA or siRNA), decreases,
slows, reverses or blocks or reverses new blood vessel
growth, neovascularization or angiogenesis, and treats, pre-
vents or ameliorates conditions that are responsive to block-
ing or slowing or reversing the development of neovascular-
1zation or new blood vessels, which optionally reduces, treats,
prevents or ameliorates the level of disease 1n a retinal age-
related macular degeneration, a diabetic retinopathy, a cancer,
a glioblastoma, a neuroma, a neuroblastoma, a colon carci-
noma, a hemangioma, an infection and/or a condition with at
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least one mflammatory component, and/or any infectious or
inflammatory disease, such as a rheumatoid arthritis, a pso-
riasis, a fibrosis, or leprosy.

In alternative embodiments, administering an anti-mi-
croRNA-103 (anti-miRNA-103) or equivalents thereof,
including chemically modified and stabilized forms of anti-
miR 103, increases new blood vessel growth, neovasculariza-
tion or anglogenesis, treats, reverses, prevents or ameliorates
conditions and diseases associated with 1schemia, including
myocardial infarction (M1, or heart attack); 1schemic disease;
thrombotic disease; stroke; limb, organ or tissue transplanta-
tion or limb reattachment; trauma; injury; and/or an ulcer or a
diabetic ulcer.

In alternative embodiments, the mvention provides com-
positions (e.g., kits, pharmaceutical formulations) and meth-
ods for treating, reversing, preventing or ameliorating a con-
dition or disease associated with an 1schemia; a myocardial
infarction (MI, or heart attack); an 1schemic disease; a throm-
botic disease; a stroke; a limb, organ or tissue transplantation
or a limb reattachment; a trauma; an injury; and/or an ulcer or
a diabetic ulcer, comprising

(1)

(a) providing a composition comprising or consisting of an
anti-microRINA (anti-miRNA-103, or anti-mi1R103) directed
against a microRNA-103 or equivalents thereof, including
chemically modified and stabilized forms of anti-miR103;
and

(b) administering a suilicient amount of the composition,
ant1-microRNA-103 or equivalents thereof, wherein admin-
istering anti-microRNA (anti miRNA 301, or anti-miR103)
or equivalents thereol directed against a microRNA-103,
including chemically modified and stabilized forms of anti-
miR 103, treats, reverses, prevents or ameliorates the condi-
tion or disease associated with the 1schemia; myocardial 1ni-
arction (MI, or heart attack); ischemic disease; thrombotic
disease; stroke; limb, organ or tissue transplantation or limb
reattachment; trauma; 1njury; and/or ulcer or diabetic ulcer;
or

(2) the method of (1), wherein the composition comprises
a pharmaceutical composition administered 1n vivo; or

(3) the method of (1) or (2), wherein the composition 1s
administered intravenously (IV), or by vessel-targeted nano-
particle or liposome delivery.

In alternative embodiments, the mvention provides com-
positions (e.g., kits, pharmaceutical formulations) and meth-
ods for reducing, preventing, reversing, treating or ameliorat-
ing the level of disease in a retinal age-related macular
degeneration, a diabetic retinopathy, a cancer, a glioblastoma,
a neuroma, a neuroblastoma, a colon carcinoma, a heman-
gioma, an infection; a condition with at least one imnflamma-
tory component; an infectious or an inflammatory disease; a
rheumatoid arthritis; a psoriasis; a fibrosis; and/or leprosy,
comprising

(1) (a) providing a composition comprising or consisting of
a microRNA-103 (miRNA-103, or miR103) or equivalents
thereot, including chemically modified and stabilized forms
ofmiR 103, and/or a FANCF gene expression-inhibiting com-
position (including a FANCF gene expression-inhibiting
microRNA or siRNA); and

(b) administering a suificient amount of the composition,
microRNA-103 or equivalents, and/or a FANCEF gene expres-
sion-inhibiting composition (including a FANCFEF gene
expression-inhibiting microRNA or siRNA), to reduce, pre-
vent, reverse, treat or ameliorate the level of disease in the
retinal age-related macular degeneration, diabetic retinopa-
thy, cancer, glioblastoma, neuroma, neuroblastoma, colon
carcinoma, hemangioma, infection and/or condition with at
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least one 1inflammatory component; infectious or inflamma-
tory disease; rheumatoid arthritis; psoriasis; fibrosis; and/or
leprosy; or

(2) the method of (1), wherein the composition comprises
a pharmaceutical composition administered 1n vivo; or

(3) the method of (1) or (2), wherein the composition 1s
administered intravenously (IV), or by vessel-targeted nano-
particle or liposome delivery.

In alternative embodiments, the mvention provides com-
positions (e.g., kits, pharmaceutical formulations) and meth-
ods for: inhibiting DNA repair enzymes TREX1 and TREX2,
or destabilizing a DNA repair response of a cell, or forcing or
stimulating a cell to undergo cell cycle arrest or cell death,
comprising:

(1) (a) providing a composition comprising or consisting of

a microRNA-103 (miRNA-103, or miR103) or equiva-
lents thereof, including chemically modified and stabi-
lized forms of microRNA-103, and/or a FANCF gene
expression-inhibiting composition (including a FANCF
gene expression-inhibiting microRNA or siRNA); and

(b) administering a suificient amount of the composition,
microRNA-103 or equivalents, and/or a FANCF gene
expression-inhibiting composition (including a FANCF
gene expression-inhibiting microRNA or siRNA), to
inhibit DNA repair enzymes TREX1 and TREX2, or
destabilize a DNA repair response of a cell, or force or
stimulate a cell to undergo cell cycle arrest or cell death;

(2) the method of (1), wherein the composition comprises
a pharmaceutical composition administered 1n vivo; or

(3) the method of (1) or (2), wherein the composition 1s
administered intravenously (IV), or by vessel-targeted
nanoparticle or liposome delivery.

In alternative embodiments, the imnvention provides meth-
ods for sensitizing cells, endothelial cells or blood vessel cells
to a radiation or a radiation therapy, or a genotoxic agent or a
chemotherapy, comprising

(1) (a) providing a composition comprising or consisting
of: a microRNA-103 (miR103) or equivalents thereof,
including chemically modified and stabilized forms of
miRNA-103, and/or a FANCF gene expression-inhibit-
ing composition (including a FANCF gene expression-
inhibiting microRNA or siRNA), and

(b) administering a suificient amount of the composition or
microRNA-103 and/or a FANCF gene expression-in-
hibiting composition (including a FANCF gene expres-
stion-1nhibiting microRNA or siRNA), to sensitize the
cells to the radiation or radiation therapy, or genotoxic
agent or chemotherapy,

wherein administering microRNA-103 (miRNA-103, or
miR103) or equivalents thereof, includes chemically
modified and stabilized forms of miR103 and/or a
FANCF gene expression-inhibiting composition (in-
cluding a FANCF gene expression-inhibiting
microRNA or siRNA); or

(2) the method of (1), wherein the composition comprises
a pharmaceutical composition administered 1n vivo;

(3) the method of (1) or (2), wherein the composition 1s
administered mtravenously (IV), or by vessel-targeted
nanoparticle or liposome delivery;

(4) the method of (1), (2) or (3), wherein administering
microRNA-103 (miRNA-103, or miR103) or equiva-
lents thereof, including chemically modified and stabi-
lized forms of miR103, and/or a FANCF gene expres-
sion-1nhibiting composition (including a FANCF gene
expression-inhibiting microRNA or siRNA), 1n con-
junction with standard genotoxic chemotherapies, can-
cer cell chemotherapies or treatments, or radiation and
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the like or equivalents, achieves enhanced killing of
endothelial cells and decreased angiogenesis, patho-
logic angiogenesis, or tumor angiogenesis; or

(5) the method of any of (1) to (4), wherein the microRNA -

103 and/or a FANCF gene expression-inhibiting com-
position (including a FANCF gene expression-inhibit-
ing microRNA or siRNA), 1s administered belore,
during and/or after the genotoxic chemotherapy, cancer
cell chemotherapy or treatment, or radiation treatment or
therapy and the like or equivalents.

In alternative embodiments, the mvention provides meth-
ods for protecting cells, endothelial cells or blood vessel cells
after their exposure to a radiation or a radiation therapy, or a
genotoxic agent or a chemotherapy, comprising

(1) (a) providing a composition comprising or consisting
of:

an anti-microRNA (anti miRNA 301, or anti-miR103)

directed against a microRNA-103 or equivalents
thereof, including chemically modified and stabilized
forms of anti-mi1R103; and
(b) administering a suificient amount of the composition or
ant1-microRNA-103 to protect the cells, endothelial cells or
blood vessel cells after their exposure to a radiation or a
radiation therapy, or a genotoxic agent or a chemotherapy; or
(2) the method of (1), wherein the composition comprises
a pharmaceutical composition administered 1n vivo;
(3) the method of (1) or (2), wherein the composition 1s
administered intravenously (IV), or by vessel-targeted nano-

particle or liposome delivery; or

(4) the method of any of (1) to (3), wherein the anti-
microRNA-103 1s administered before, during and/or after
the genotoxic chemotherapy, cancer cell chemotherapy or
treatment, or radiation treatment or therapy and the like or
equivalents.

The details of one or more embodiments of the invention
are set forth 1n the accompanying drawings and the descrip-
tion below. Other features, objects, and advantages of the
invention will be apparent from the description and drawings,
and from the claims.

All publications, patents, patent applications cited herein
are hereby expressly incorporated by reference for all pur-
poses.

BRIEF DESCRIPTION OF THE DRAWINGS

The drawings set forth herein are 1llustrative of embodi-
ments of the invention and are not meant to limit the scope of
the invention as encompassed by the claims.

Like reference symbols 1n the various drawings indicate
like elements.

FI1G. 1 illustrates how angiogenesis 1s controlled 1n vivo by
a balance of ‘angiomiRs’ and ‘apoptomiRs’, and thus 1llus-
trates how practicing this invention can use the exemplary
‘angiomiRs’ and ‘apoptomiRs’ of the mvention to change or
manipulate this balance, for example, where methods or com-
positions of the invention are used to ameliorate or enhance
intrinsic or extrinsic cell stressors; or where methods or com-
positions of the imnvention are used to begin, enhance or accel-
erate vascularization or neovascularization, or the cause
endothelial cell regression or death.

FI1G. 2 graphically illustrates data showing how genotoxic
stress, radiation (where radiation doses were 2 and 20 Gy)
(gray (symbol: Gy) 1s the International System of Units (SI)
derived unit of absorbed dose, specific energy (1imparted) and
of kerma) causes dose dependent global dysregulation of
miRs.
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FIG. 3 schematically illustrates how the data of FIG. 2 was
generated, briefly, human endothelial cells were treated with
different doses of radiation (0, 2, 20 Gy). S1x (6) hours later,
RNA was 1solated, reverse transcribed and real-time PCR was
performed on TAQMAN™ microflmidic cards (Life Tech-
nologies, Carlsbad, Calif.) that contain 384 reaction wells
cach with a unique miR probe. The heatmap of F1G. 2, depicts
the differential expression of microRNAs upon radiation nor-
malized to the no radiation group 0 Gy group. Conclusion:
radiation induces significant changes in expression of endot-
helial microRNAs.

FIG. 4 graphically 1llustrates data showing that miR-103 1s
the most upregulated miR in response to diverse stress stimuli
in endothelial cells. The ranking table (FIG. 4A) 1s based on
the data 1llustrated in FIG. 2. In FIG. 4 A, the top five (5) most
upregulated microRNAs at 20 Gy are shown. The bar graph
(F1G. 4B) graphically illustrates data from a real-time PCR
for miR-103 after 6 hours treatment of endothelial cells with
the indicated compounds.

FIG. 5 graphically illustrates data showing that ectopic
expression of miR-103 decreases tube formation and exacer-
bates genotoxic stress. Briefly, human endothelial cells were
transfected with a control miR or miR-103 using RNA1
MAX™ reagent (Life Technologies, Carlsbad, Calif.). Six-
teen (16) hours later, one set of cells were irradiated with the
indicated dose of radiation. Two (2) hours later, the cells were
harvested and coated on CYTODEX™ beads (Sigma-Ald-
rich, St. Louis, Mo.) and allowed to adhere overnight. The
beads were then suspended 1n a fibrin gel containing smooth
muscle cells and allowed to undergo sprouting angiogenesis
for 3-4 days. FIG. 5A 1illustrates confocal imaging as per-
formed typically on day 4 with a fluorescent lectin. FIG. 5B
graphically illustrates bar graphs showing quantification of
these endothelial sprouts (Area) using IMAGE J™ software
(a public domain, Java-based i1mage processing program
developed at the National Institutes of Health). Conclusion:
expression of miR-103 in endothelial cells decreases angio-
genesis.

FIG. 6 graphically 1llustrates data showing that blockade of
endothelial miR-103 (using anti-mi1R-103) rescues tube for-
mation. In brief, sprouting assay were carried out as FIG. 5:
where FIGS. 6A (control, no radiation) and 6B (having anti-
miR-103) illustrate the confocal imaging results. FIG. 6C
graphically 1illustrates bar graphs showing quantification of
these endothelial sprouts, and the conclusion 1s: inhibition of
miR-103 using an anti-miR protects endothelial cells from
death and rescues angiogenesis.

FIG. 7 graphically illustrates data showing that mRNA
profiling identifies three (3) common targets down-regulated
by both genotoxic stress and miR-103. In briet, the protocols
are 1llustrated 1n FIG. 7A, where RNA 1solated from endot-
helial cells (HUVECs) treated with radiation (0 or 20 Gy) or
transiected with an miR-103 (one of the 96 species illustrated
in FIG. 7A); real time PCR was performed on a 96 well DNA
damage array. Results are graphically illustrated in FIG. 7A.
Conclusion: only three “DNA damage” mRNAs, or FANCE,
TREX 1 and TREX2, are regulated by both miR-103 and high
dose radiation (the “Fanconi anemia group F”, or FANCE,
protein 1n humans 1s encoded by the FANCF gene; and, the
“three prime repair exonuclease 17 1s an enzyme that 1n
humans 1s encoded by the TREX1 gene, and the “three prime
repair exonuclease 27 1s an enzyme that 1n humans 1s encoded
by the TREX2 gene, and TREX 1s a major 3'->5"' DNA exo-
nuclease 1n human cells).

FIG. 8A graphically illustrates data showing that mRNA
profiling 1identifies 3 common targets down-regulated by both
genotoxic stress and miR-103. In brief, real-time PCR for the
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three target genes FANCE, TREX 1 and TREX?2 1dentified as
described for FIG. 7. FIG. 8B illustrates a gel showing a
decrease of TREX1 protein 24 hours after miR-103 transiec-
tion. Conclusion: expression of miR-103 or treatment of
endothelial cells with radiation decreases mRNA levels of
FANCF, TREX1 and TREX2, and expression of miR-103
decreases TREX1 protein levels.

FIG. 9 schematically illustrates how several mutations, or
polymorphisms, in TREX are associated with human dis-
cases: Trex1 exonuclease degrades ssDINA to prevent chronic
checkpoint activation and autoimmune disease; Trex1 pre-
vents cell-intrinsic initiation of autoimmunity; C-terminal
truncations 1n human 3'-5' DNA exonuclease TREX1 cause
autosomal dominant retinal vasculopathy with cerebral leu-
kodystrophy. FIG. 9 1s dernived from and described in
Kavanagh, etal., Cell Cycle. 2008 Jun. 15;7(12): 1718-1725.

FIG. 10 1llustrates brain and retinal 1maging 1n a patient
with cerebroretinal vasculopathy, and illustrates that muta-
tions in TREX1 1in humans causes Cerebroretinal Vasculopa-
thy. The disease manifestations begin during the fourth or
fifth decade and there 1s 100% mortality over a 5 to 10 year
period. Less TREX1 results 1n less blood vessels; capillary
dropouts 1n macula; loss of central vision; capillary oblitera-
tion; obliterative vasculopathy. Classic description of the his-
topathogenesis: “As 11 the brain had been 1rradiated”. Sequen-
tial axial MRI showing an ovoid T2-hyperintense (FIG. 10A)
and gadolinium-enhancing (FIG. 10B) lesion (2.1x1 cm),
abutting the frontal hormn of the right lateral ventricle, bright
on both diffusion-weighted imaging (DWI) and apparent dii-
fusion coellicient (ADC) map. At 6 months, a larger, more
aggressive-appearing lesion (2x2x3 cm) with surrounding
edema occupied the right frontal lobe. There was a central
zone of presumed necrosis and gadolinium enhancement of
the lesion rim (FIG. 10C, FIG. 10D). Diffusion imaging
showed more heterogeneous signal, without the characteris-
tic bright DWI and dark ADC signal of acute infarction. At 12
months, the lesion approximated its size on 1nitial imaging,
(1.4x1.2x0.9 cm) with a persistent rim pattern of enhance-
ment (FIG. 10E, FIG. 10F). At 18 months, the lesion further
decreased 1n size (1.1x0.9x0.3 cm) with near resolution of the
surrounding edema. FIG. 10G, FIG. 10H, FIG. 101 illustrate
drawings of fluorescein angiography and indocyamine green
photographs of the retina show views of the macula of the
right eye. Periarteriolar narrowing and sheathing, focal leak-
age, telangiectasias, and cotton wool spots are present. FIG.

10 1s dertved from and described 1n e.g., F. J. Mateen, et al.
Neurology. 2010 Sep. 28; 75(13):1211-1213.

FIG. 11 illustrates that miR-103 exacerbates g-H2 AX foci
upon irradiation; Histone H2AX gets phosphorylated at sites
of DNA double strand breaks, more DNA damage, of, that
more miR-103 results 1n more g-H2AX foci. Histone H2AX
gets phosphorylated at sites of DNA double strand breaks,
and the more DNA damage the more g-H2AX. In briet, as
illustrated 1n FIG. 11B, endothelial cells were transtected as
described above, and wrradiated 24 hours later (with 2 Gy);
and then one hour after radiation, they were stained with an
antibody to detect phospho-histone H2AX. FIG. 11A 1s an
illustration of the cells stained with an antibody to detect
phospho-histone H2AX. Conclusion: miR-103 expression in
cells increases the phosphorylation of histone H2AX and
indicates increased DNA damage.

FI1G. 12 graphically 1llustrates data showing that miR-103
(FIG. 12A) exacerbates while anti-miR (FIG. 12B) inhibits
radiation induced endothelial apoptosis. Endothelial cells
were transiected and 1rradiated as described above. 48 hours
after radiation, apoptosis was measured by tlow cytometry by
using an active caspase probe, wherein the presence of
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caspase 1ndicate apoptosis, 1.e., the more caspase the higher
the degree 1s apoptosis. Conclusion: Expression of miR-103
(FIG. 12A) increases apoptosis (more caspase) whereas nhi-
bition of miR-103 (FIG. 12B) decreases apoptosis (less
caspase). Inhibition of another miR (FIG. 12B), miR-34a,
also 1dentified 1n the screen described above, inhibits apop-
tosis (less caspase).

FIG. 13 graphically 1llustrates data showing that ectopic
expression of miR-103 exacerbates endothelial DNA breaks
upon 1rradiation. The data was generated using a DNA dam-
age assay where single cells are electrophoresed on a gel.
DNA with double strand breaks trail the nuclei resembling a
comettail. The length of this tail 1s directly proportional to the
amount of DNA double strand breaks. Endothelial cells were
transiected as described above, and 1rradiated (2 and 20 Gy)
24 hours later; and one hour later they were electrophoresed,
stained for DNA, imaged and the comet length was measured
from fluorescent microscopy images. Conclusion: Expres-
sion of miR-103 increases DNA double strand breaks.
Together with the previous two slides, this data establishes
that the expression of miR-103 leads to increased cell death
via DNA damage.

FIG. 14 schematically illustrates that: expression of miR-
103 decreases TREX1 protein levels (see also FIG. 8); and.,
miR-103 mediated loss of DNA repair 1n response to geno-
toxic stress facilitates impaired DNA repair, endothehal cell
death and decreased angiogenesis.

FIG. 15 1llustrates data showing that ectopic expression of
miR-103 decreases developmental angiogenesis 1n mouse
retina, demonstrating that injection of miR-103 1n the eye can
decrease angiogenesis in vivo. In brief, neonatal six day old
mice (five mice) were injected intraocularly with eirther a
control miR or miR-103; and five days later, the mice were
euthanized, retinas were harvested and stained for blood ves-
sels using CD31 antibody. FIG. 15A illustrates contfocal
images of the deep plexus blood vessels in the retina; and FIG.
15B graphically illustrates the quantiiying of this data; where
the conclusion 1s that this model demonstrates that miR-103
injection works as an anti-angiogenic agent in a physiological
vascular bed in the developing retina of mouse.

FIG. 16 illustrates data showing that miR-103 1s selectively
upregulated 1n tumor endothelial cells upon DNA damage,
also showing that high dose 1rradiation (20 Gy) of a human
glioblastoma tumor implanted in mouse brains leads to selec-
tive upregulation o1 miR-103 in endothelial cells (lectin stain-
ing) but not tumor cells; this demonstrates that: (1) restoring
miR-103 expression in tumor cells can sensitize them to
radiation/DNA damage, and (2) delivering a miR-103 of the
invention to endothelial cells can mimic the effects of high
dose radiation.

FIG. 17 illustrates data demonstrating that R-103 down-
regulates FANCF and TREX1 expression in endothelial cells.
As schematically 1llustrated in FIG. 17B, different miR bind-
ing sites from the target genes were cloned downstream of a
luciterase reporter; then this construct was expressed 1n cells
together with mIR-103 and luciferase levels were assayed 48

hours later. FIGS. 17A and 17D graphically illustrate the
levels of: TREX1, TREX2 and FANCF (FIG. 17A), and
TREX1 site A and B, and FANCF (FIG. 17B). Conclusion:
miR-103 decreases mRNA and protein levels of FANCE,
TREX1 and TREX2; and, miR-103 directly binds to the
TREXI1 and FANCF mRNAs.

FIG. 18 illustrates data showing that miR-103 1s upregu-
lated 1n response to diverse genotoxic stress stimuli 1n mul-
tiple vascular cell types. FIG. 18A illustrates data from
experiments where endothelial cells were treated with ditfer-
ent stress reagents as shown, and six hours later RNA was
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extracted and real time PCR was performed to detect mIR -
103. FIG. 18B 1illustrates data from real time PCR from dii-

terent cell lines 6 hours after a high dose radiation. Conclu-
sion: miR-103 1s expressed in response to a variety of
genotoxic stressors; 1t 1s upregulated 1n response to radiation
in primary vascular and stromal cell types but not 1n specific
tumor cells.

FIG. 19 illustrates data showing that loss of TREX1 or
FANCF decreases endothelial tube formation. Endothelial
cells were transtected with the indicated reagents and assayed
for their ability to undergo sprouting angiogenesis in the bead
assay as described earlier. Conclusion: Expression of miR-
103 or loss of TREX1/FANCF decreases angiogenesis.

FIG. 20 1llustrates data showing loss of FANCF pheno-
copies miR-103 in vitro and 1n vivo. FI1G. 20A 1llustrates data
from experiments where endothelial cells were transfected as
indicated, and 48 hours later, the cells were assayed for apo-
ptosis by tlow cytometry using antibodies to cleaved PARP
and Caspase-3. FIG. 20B graphically illustrates this data.
Conclusion: decrease of FANCF leads to increased endothe-
lial cell death and decreased angiogenesis 1n the developing
mouse retina.

FIG. 21 schematically illustrates how miR-103 downregu-
lates TREX1/2 and FANCEF to disrupt endothelial DNA repair
and decreases angiogenesis.

FI1G. 22 graphically illustrates data showing that the 1ntra-
venous administration of miR-103 decreases tumor growth in
vivo. Method: 1.5 million HCT-116 human colon carcinoma
cells were injected into the flank of athymic nude mice.
Tumors were measured on day 6 and mice were randomly
assigned to two treatment groups: control microRNA or
microRNA-103. Mice were injected with 100 micrograms of
microRNA 1n saline intravenously on days 6, 8 and 10 and
tumor size was measured using calipers. * indicates statistical
significance at P<0.05 using two-tailed Student’s t-test. Con-
clusion: This data indicates the imntravenous administration of
miR-103 decreases tumor growth.

Reference will now be made 1n detail to various exemplary
embodiments of the mnvention, examples of which are 1llus-
trated 1n the accompanying drawings. The following detailed
description 1s provided to give the reader a better understand-
ing ol certain details of aspects and embodiments of the
invention, and should not be interpreted as a limitation on the
scope of the invention.

DETAILED DESCRIPTION

In alternative embodiments, the imvention provides com-
positions and methods comprising use of microRNAs and
microRNA 1nhibitors to modulate, including inhibiting or
stimulating or moditying, blood vessel growth (angiogenesis,
vascularization, or neovascularization), cell and tumor
microenvironment patterning, cancer cell and tumor growth
and malignant disease (metastasis).

In alternative embodiments, the mvention provides com-
positions and methods for enhancing, modulating or amelio-
rating physical or chemical effects, e.g., stressors, on endot-
helial cells, including for example: stressors encountered
during disease or physical, radioactive or chemical trauma;
genotoxic stress (such as radiation, or chemicals or drugs
such as cisplatin); oxidative stress (such as hypoxia, free
radicals, including reactive oxygen species ); metabolic stress
(including nutrient deprivation); and, inflammatory stress
(from e.g., cytokines or chemokines and the like such as
tumor necrosis factor (INF) and interferon gamma (INF-
gamma). For example, 1n alternative embodiments, when
administering compositions comprising microRNA-103
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(mi1RNA-103, or miR103) or equivalents thereof, including
chemically modified and stabilized forms of miR103, 1n con-

junction with standard genotoxic chemotherapies, cancer cell

chemotherapies or treatments, or radiation and the like or
equivalents, enhanced killing of endothelial cells and
decreased angiogenesis, pathologic angiogenesis, or tumor
angilogenesis 1s achieved. In alternative embodiments, by
administering anti-microRNA (anti-miRNA-103, or anti-
miR103) directed against a microRNA-103 or equivalents
thereol, including chemically modified and stabilized forms
of ant1-miR 103, new blood vessel growth, neovascularization
or angiogenesis can be started and/or increased, e.g., thus
ameliorating physical or chemical effects of stressors.

In alternative embodiments, the invention provides com-
positions and methods comprising use of microRNA-103
(m1RNA-103) to block, slow or reverse the development of
new blood vessels, or cancer or tumor cells. While the inven-
tion 1s not limited by any particular mechamsm of action, with
or without blocking or slowing the development of new blood
vessels, using microRNA-103 (miRNA-103), 1n alternative
embodiments, the mvention provides compositions and
methods to ameliorate, treat, slow to reverse the progress of,
cause a regression of or prevent: a macular degeneration, a
diabetic retinopathy, a cancer, an inflammatory disease, a
psoriasis, a fibrosis, a leprosy, a multiple sclerosis, a disease
with an inflammatory component, an mflammatory bowel
disease, an ulcerative colitis or a Crohn’s disease.

In alternative embodiments, the invention provides com-
positions and methods comprising use of microRNA-103
(m1RNA-103), 1n conjunction with standard genotoxic che-
motherapies or radiation and the like, to achieve enhanced
killing of endothelial cells and decrease tumor angiogenesis.

In alternative embodiments, the mvention provides com-
positions and methods comprising use of anti-miRINA-103
(anti-microRNA-103) to augment the growth of blood vessels
or cancer or tumor cells. While the invention 1s not limited by
any particular mechanism of action, with or without blocking
or slowing the development of new blood vessels, using anti-
microRNA-103 (anti-miRNA-103), in alternative embodi-
ments, the invention provides compositions and methods to
ameliorate, treat, slow or reverse the progress of, cause a
regression of or prevent: a cardiovascular, a thrombotic or an
ischemic disease; a stroke; a myocardial infarction; an
1schemic disorder associated with a diabetes.

In alternative embodiments, the mvention provides com-
positions and methods comprising use ol anti-microRNA -
103 (anti-mi1RNA-103) to protect normal blood vessels dur-

ing chemotherapy or radiation therapies and the like.

The mventors used a differential screen of treated versus
(vs.) untreated Human Umbilical Vein Endothelial Cells
(HUVEC) cells to identily which miRNAs respond to a
potent genotoxic stress of 20 Gy wrradiation (the “gray”, sym-
bol: Gy, 1s the SI unit of absorbed radiation dose of 10nmizing
radiation). They found the most elevated was miRNA-103.
They demonstrated miR-103 was also consistently upregu-
lated during other modes of genotoxic stresses including
treatment with Cisplatin, Doxirubicin and hydrogen perox-
ide.

They then demonstrated that miRNA-103 decreased tube
formation 1n response to radiation and that anti-miRNA-103
rescued the tube formation. In addition, mRNA profiling
identified three downstream targets (FANC, TREX1 and
TREX2) that were down-regulated by both genotoxic stress
and by miRNA-103. FIG. 15 presents a schematic that shows
TREX1/2 enabling repair of DNA damage in response to
radiation (“genotoxic stress) with miRNA-103 acting to
block the effects of TREX1/2. So, 1n sum, the compositions
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and methods of the invention use miRNA-103 to effectively
block (or slow, reverse or inhibit) DNA repair, which leads to
endothelial cell death and, therefore, decreased angiogenesis.

In alternative embodiments, the mvention provides com-
positions and methods comprising use of miR-103 to slow,
reverse, decrease, inhibit or prevent angiogenesis in vivo, 1n
situ or 1in vitro. In alternative embodiments, the invention
provides compositions and methods comprise use of anti-
miR-103 to stimulate or promote angiogenesis 1n vivo, 1n situ
Or 1n vitro.

While the invention 1s not limited by any particular mecha-
nism of action, in one embodiment, a mechanism of action 1s
by modulating DNA damage responses.

This 1nvention 1s the first description and demonstration
that mi1R-103 1s upregulated in endothelial cells in response to
different stress stimul1 and mediates the death of endothelial
cells 1 response to 1rradiation.

Based on mRNA profiling of DNA damage response pro-
teins, we have identified that miR-103 functions by inhibiting,
DNA repair enzymes TREX1 and TREX2. These proteins are
critical for the damage control responses 1n cells exposed to a
variety ol genotoxic stresses such as radiation or oxidative
damage. Loss of these proteins by increasing the levels of
miR-103 1n the cells will destabilize the DNA repair
responses of cells and force them to undergo cell cycle arrest
or cell death. See data described in the Figures. Blocking
angilogenesis with mir-103 and reduces the level of disease
having a pathogenesis associated with blood vessel growth
(including unwanted blood vessel growth), such as retinal age
related macular degeneration, diabetic retinopathy, cancer
and inflammatory diseases such as rheumatoid arthritis, pso-
riasis, fibrosis.

In alternative embodiments, the mvention provides com-
positions and methods comprising use of anti-mir-103 for
promoting or stimulating or accelerating angiogenesis and/or
to resolve, slow the progress of or ameliorate a cardiovascular
disease, thrombotic disease, 1schemic disease including
stroke, myocardial infarction and 1schemic disorders associ-
ated with diabetes.

High dose radiation and other genotoxic agents up-regulate
the expression of miR-103 1n endothelial cells; and miR-103

10

15

20

25

30

35

40

12

down-regulates critical DNA damage repair pathway proteins
leading to increased DNA damage and cell death. Expression
of miR-103 leads to endothelial cell death and decreased
angilogenesis 1n vitro and 1n retinas, as demonstrated in mouse
retinas. Thus, while the invention i1s not limited by any par-
ticular mechanism of action, in alternative embodiments the
invention provides compositions and methods comprising or
using miR-103 1 conjunction with standard genotoxic che-
motherapies or radiation to achieve enhanced killing of cells,
e.g., endothehal cells, to decrease tumor angiogenesis (the
miR-103 can be administered before, during and/or after the
chemotherapy and/or radiation). Thus, 1n alternative embodi-
ments compositions and methods of the invention comprising
use ol miR-103 to radiosensitize or chemosensitize cells, e.g.,
tumor blood vessel cells or endothelial cells. For example,
miR-103 reagents of the mvention can be used as an anti-
angilogenic agent to sensitize tumor vessels to radiation and
other chemotherapies that cause DNA damage. Additionally,
in other embodiments, miR-103 reagents of the invention can
be used as an anti-angiogenic agent 1n eye diseases.

Alternatively, in other embodiments, the invention pro-
vides compositions and methods using ant1i-mi1R-103 and pro-
tect normal blood vessels against genotoxic stress during
chemotherapy or radiation therapies. The anti-miR-103 can
be administered before, during and/or after the chemotherapy
and/or radiation.
Pharmaceutical Compositions

In alternative embodiments, the mvention provides com-
positions and methods for inhibiting, blocking, slowing the
rate of, or preventing the development of endothelial cells,
new blood vessels (angiogenesis ), abnormal cells, inflamma-
tory cells, or tumor cells by introducing 1n vivo microRNA -
103 (or equivalents thereol, including chemically modified
and stabilized forms of microRNA-103), and thus, 1n alterna-
tive embodiments, the invention provides compositions and
methods for reducing, treating or ameliorating the level of
disease 1n a retinal age-related macular degeneration, a dia-
betic retinopathy, a cancer, a glioblastoma, a neuroma, a
neuroblastoma, a colon carcinoma, a hemangioma, an nfec-
tion; a condition with at least one inflammatory component;
an infectious or an inflammatory disease; arheumatoid arthri-
t1s; a psoriasis; a fibrosis; and/or leprosy.

TABL

(L.

1

Diseases characterized or caused by abnormal or excessive angiﬂgenesis

Organ

Numerous OIgans

Blood vessels

Adipose tissue
Skin

Eve

Lung

Intestines
Reproductive system
Bone, joints

Diseases 1n mice or humans

Cancer (activation of oncogenes; loss of tumor suppressors); infectious

diseases (pathogens express angiogenic genes
pPrograms

12" induce angiogenic

113 ); autoimmume disorders (activation

or transform ECs!'?

of mast cells and other leukocytes)

Vascular malformations (Tie-2 mutation®); DiGeorge syndrome (low VEGF
and neuropilin-1 expression®~); HHT (mutations of endoglin or ALK-1 (ref,
69)); cavernous hemangioma (loss of Cx37 and Cx40 (ref.*"));

at
O

il

herosclerosis; transplant arteriopathy
besity (angiogenesis induced by fatty diet; weight loss by anglogenesis
h1bitors

116)

Psoriasis, warts, allergic dermatitis, scar keloids, pyogenic granulomas,

blistering disease, Kaposi sarcoma 1n AIDS patients

114

Persistent hyperplastic vitreous syndrome (loss of Ang-2 (refs, 65,116) or
VEGFEF164 (ref. 18)); diabetic retinopathy; retinopathy of prematurity;

choroidal neovascularization (TIMP-3 mutation

51)

Primary pulmonary hypertension (germline BMPR-2 mutation; somatic EC

mutations

73, 72:76y. asthma; nasal polyps

Inflammatory bowel and periodontal disease, ascites, peritoneal adhesions

Endometriosis, uterine bleeding, ovarian cysts, ovarian hyperstimulation
Arthritis, synovitis, osteomyelitis, osteophyte formation

25
12
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In alternative embodiments, the mvention provides com-
positions and methods for inhibiting, blocking, slowing the
rate of, or preventing the development of endothelial cells,
new blood vessels (angiogenesis ), abnormal cells, inflamma-
tory cells, or tumor cells, and by introducing 1 vivo
microRNA-103 (or equivalents thereolf, including chemically

modified and stabilized forms of microRNA-103), and thus,
in alternative embodiments, the invention provides composi-
tions and methods for reducing, treating or ameliorating any
condition, disease, symptom (for example, as caused by a
trauma, exposure to a toxic agent or a radiation, or an 1nfec-
tion) or infection characterized or caused by abnormal or
excessive or ectopic angilogenesis, including for example,
cancer, infectious disease, autoimmune disorders, vascular
malformations, DiGeorge syndrome or any condition having,
low VEGF and/or neuropilin-1 expression, hereditary hem-
orrhagic telangiectasia (HHT, also known as Osler-Weber-
Rendu disease and Osler-Weber-Rendu syndrome), cavern-
ous hemangioma, atherosclerosis, transplant arteriopathy,
obesity, angiogenesis caused by a fatty diet, psoriasis, warts,
allergic dermatitis, scar keloids, pyogenic granulomas, blis-
tering disease, Kaposi sarcoma (e.g., in AIDS patients), per-
sistent hyperplastic vitreous syndrome, a retinopathy, dia-
betic retinopathy, retinopathy of prematurity, choroidal
neovascularization, primary pulmonary hypertension,
asthma, nasal polyps, inflammatory bowel disease, periodon-
tal disease, ascites, peritoneal adhesions, endometriosis, uter-
ine bleeding, a cyst, an ovarian cyst, an ovarian hyperstimu-
lation, tendonitis, arthritis, synovitis, osteomyelitis or
osteophyte formation; or, any disease, trauma or condition
listed 1n Table 1.

In alternative embodiments, the mvention provides com-
positions and methods to stimulate or augment the growth of
blood vessels or tumor cells by introducing in vivo an anti-
microRNA-103 (or equivalents thereof, including chemically
modified and stabilized forms of anti-miR103), and thus, in
alternative embodiments, anti-miR-103 1s used to protect nor-
mal blood vessels against genotoxic stress during chemo-
therapy or radiation therapies.

In alternative embodiments, the imvention provides com-
positions and methods to stimulate, accelerate or augment the
growth of blood vessels or tumor cells by introducing 1n vivo
an anti-microRNA-103 (or equivalents thereof, including
chemically modified and stabilized forms of anti-miR103),
and thus, 1n alternative embodiments, the mnvention provides
compositions and methods for reducing, treating or amelio-
rating any condition, disease, symptom (for example, as
caused by a trauma, exposure to a toxic agent or a radiation,
or an infection) or infection characterized or caused by lack of
appropriate vascularization or under-vascularization, and 1n
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alternative embodiments, the invention provides composi-
tions and methods for reducing, treating or ameliorating any
disease, trauma or condition caused or exacerbated by vaso-
constriction; microvascular degeneration and/or cerebral
angiopathy caused by e.g., trauma or amyloid beta toxicity;
Alzheimer’s disease; amyotropic lateral sclerosis or diabetic
neuropathy; any disease, trauma or condition caused or exac-
erbated by impaired perfusion and/or neuroprotection, e.g.,
causing motoneuron or axon degeneration, €.g., due to VEGF
production; stroke; arteriopathy; atherosclerosis; any disease,
trauma or condition caused or exacerbated by impaired col-
lateral vessel development; hypertension; any disease,
trauma or condition caused or exacerbated by microvessel
rarefaction, e.g., due to impaired vasodilation or angiogen-
esi1s; diabetes; any disease, trauma or condition caused or
exacerbated by impaired collateral growth and/or angiogen-
esis 1 1schemic limbs; restenosis; any disease, trauma or
condition caused or exacerbated by impaired re-endothelial-
1zation, e.g., after arterial mjury, e.g., 1 old age; gastric or
oral ulcerations; any disease, trauma or condition caused or
exacerbated by delayed healing, e.g., due to production of
angiogenesis inhibitors by e.g., toxins or pathogens; Crohn’s
disease; any disease, trauma or condition caused or exacer-
bated by mucosal 1schemia; hair loss; any disease, trauma or
condition caused or exacerbated by retarded or impaired hair
growth, ¢.g., by angiogenesis inhibitors or toxins; skin pur-
pura; telangiectasia; venous lake formation; any disease,
trauma or condition caused or exacerbated by reduction of
vessel number and/or maturation, e.g., which can be age-
dependent, e.g., due to telomere shortening; pre-eclampsia;
any disease, trauma or condition caused or exacerbated by
endothelial cell dystunction, e.g., resulting 1n an organ fail-
ure, thrombosis and/or a hypertension, e.g., due to deprivation
of e.g., VEGF or another cytokine; menorrhagia or uterine
bleeding; any disease, trauma or condition caused or exacer-
bated by fragility of blood vessels, e.g., due to low Ang-1
production; neonatal respiratory distress; any disease, trauma
or condition caused or exacerbated by insufficient lung matu-
ration and/or surfactant production e.g., 1n premature indi-
viduals, e.g., due to reduced VEGF production; pulmonary
fibrosis; emphysema; any disease, trauma or condition caused
or exacerbated by alveolar apoptosis, e.g., upon VEGF 1nhi-
bition, or caused by a toxin; nephropathy; any disease, trauma
or condition caused or exacerbated by nephron-vessel loss,
¢.g., which can be age-related; osteoporosis; impaired bone
fracture healing; any disease, trauma or condition caused or
exacerbated by impaired bone formation, e.g., due to age, or
age-related or age-dependent decline of VEGF-driven angio-
genesis; any disease, trauma or condition caused or exacer-
bated by inhibition of fracture healing; or, any disease, trauma
or condition listed in Table 2.

TABLE 2

Diseases characterized or caused by insufficient angiogenesis or vessel regression

Organ

Nervous system

Amyotrophic lateral sclerosis,

Disease 1n mice or humans

Alzheimer disease

Angiogenic mechanism

Vasoconstriction, microvascular degeneration and

cerebral angiopathy due to EC toxicity by amyloid-
pLL7

Impaired perfusion and neuroprotection, causing

diabetic neuropathy motoneuron or axon degeneration due to
insufficient VEGF production?”
Stroke Correlation of survival with angiogenesis in

brain'!'®; stroke due to arteriopathy (Notch-3

mutations“®)
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4 2-continued

Diseases characterized or caused bv insufficient angiogenesis or vessel regression

Organ Disease 1n mice or humans Angiogenic mechanism
Blood vessels Atherosclerosis Characterized by impaired collateral vessel
development***

Hypertension Microvessel rarefaction due to impaired
vaasodilation or angiogenesis!®”

Diabetes Characterized by impaired collateral growth'®
and angiogenesis in ischemic limbs'!, but
enhanced retinal neovascularization secondary to
pericyte dropout

Restenosis Impaired re-endothelialization after arterial

injury at old age'*

16

Gastromtestinal ~ (Gastric or oral ulcerations Delayed healing due to production of angiogenesis
inhibitors by pathogens!??.
Crohn disease Characterized by mucosal 1schemia
Skin Hair loss Retarded hair growth by anglogenesis
inhibitors!%4
Skin purpura, telanglectasia Age-dependent reduction of vessel number
and venous take formation and maturation (SMC dropout) due to EC
talomers shortening'*”
Reproductive Pre-eciampsia EC dysfunction resulting in organ failure,
system thrombosis and hypertension due to deprivation of
VEGF by soluble Fit-1 (ref. 126)
Menonhagia Fragility of SMC-poor vessels duto to low Ang-1
(uterine bleeding) production!?’
Lung Neonatal respiratioy distress  insuflicient lung maturation and surfactant
production in premature mice due to reduced
HIF-2a and VEGF production!<®
Pulmonary fibrosis, Alveolar EC apoptosis upon VEGF inhibition!4”
emphysema
Kidney Nephropathy Age-related vessel loss due to TSP-1
production!??
Bone Osteoporosis, impaired Impaired bone fomation due to age dependent

bone fracture healing

131

decline of VEGF-driven angiogenesis -,

angiogenesis inhibitors prevent fracture

healing!??

In alternative embodiments, the mvention provides phar-
maceutical compositions for practicing the methods of the
invention, e.g., pharmaceutical compositions for ameliorat-
ing, preventing and/or treating diseases, infections and/or
conditions having unwanted, pathological or aberrant blood
vessel growth (angiogenesis) or cell proliferation, or that are
responsive to ihibition or arrest of cell growth due to 1nhi-
bition of new blood vessel growth (angiogenesis), by 1n vivo
administration of microRNA-103. The invention provides
compositions as described herein, including pharmaceutical
compositions, €.g., in the manufacture of medicaments for
ameliorating, preventing and/or treating diseases, infections
and/or conditions having unwanted, pathological or aberrant
cell proliferation or blood vessel growth.

In alternative embodiments, compositions used to practice
the invention (e.g., microRNA-103 or anti-microRINA-103)
are formulated with a pharmaceutically acceptable carrier. In
alternative embodiments, the pharmaceutical compositions
used to practice the imvention can be administered parenter-
ally, topically, orally or by local administration, such as by
aerosol or transdermally. The pharmaceutical compositions
can be formulated 1n any way and can be administered 1n a
variety of umt dosage forms depending upon the condition or
disease and the degree of 1llness, the general medical condi-
tion of each patient, the resulting preferred method of admin-
istration and the like. Details on techniques for formulation
and administration are well described in the scientific and
patent literature, see, e.g., the latest edition of Remington’s
Pharmaceutical Sciences, Maack Publishuing Co, Easton Pa.
(“Remington’s™).

For designing microRNA-103 or anti-microRNA-103, the
mature sequence of miR-103 (5'-AGCAGCAUUGUA.-
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CAGGGCUAUGA-3") SEQ ID NO:1) can be retrieved from

an miRBase Sequence Database, e.g., the miRBase of the

Univ. of Manchester, Great Britamn. Homo sapiens
microRNA 103b-1 (MIR103B1), microRNA 1s: TCATAGC-
CCT GTACAATGCT GCITTGATCCA TATGCAACAA
GGCAGCACTG TAAAGAAGCC GA (SEQ ID NO:2): see
¢.g., Azuma-Mukai, A., et al., Proc. Natl. Acad. Sci. U.S.A.
105 (23):7964-7969 (2008).

While the invention 1s not limited by any particular mecha-
nism of action: microRNAs (miRNAs) are short (20-24 nt)
non-coding RNAs that are mvolved 1n post-transcriptional
regulation of gene expression in multicellular organisms by
alfecting both the stability and translation of mRNAs. miR-
NAs are transcribed by RNA polymerase 11 as part of capped
and polyadenylated primary transcripts (pri-miRNAs) that
can be either protein-coding or non-coding. The primary tran-
script 1s cleaved by the Drosha ribonuclease III enzyme to
produce an approximately 70-nt stem-loop precursor miRNA
(pre-miRNA), which 1s further cleaved by the cytoplasmic
Dicer ribonuclease to generate the mature miRNA and anti-
sense miIRNA star (miRNA*) products. The mature miRINA
1s 1ncorporated mto a RNA-induced silencing complex
(RISC), which recognizes target mRINAs through imperfect
base pairing with the miRNA and most commonly results in
translational inhibition or destabilization of the target mRNA.

In alternative embodiments pharmaceutical compositions
used to practice the mvention are administered in the form of
a dosage unit, e.g., a tablet, capsule, bolus, spray. In alterna-
tive embodiments, pharmaceutical compositions comprise a
microRNA (e.g., an miRNA-103 or anti-miRNA-103) in a
dose:e.g., 10 mg, 15 mg, 20mg, 25 mg, 30 mg, 35 mg, 40 mg,
45 mg, 50mg, 55 mg, 60 mg, 65 mg, 70 mg, 75 mg, 30 mg, 85
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mg, 90 mg, 95 mg, 100mg, 105 mg, 110mg, 115mg, 120 mg,
125 mg, 130 mg, 135 mg, 140 mg, 145 mg, 150 mg, 155 mg,
160mg, 165 mg, 170 mg, 175 mg, 1830 mg, 185 mg, 190 mg,
195 mg, 200 mg, 205 mg, 210 mg, 215 mg, 220 mg, 225 mg,
230 mg, 235 mg, 240 mg, 245 mg, 250 mg, 255 mg, 260 mg,
265 mg, 270 mg, 270 mg, 2830 mg, 2385 mg, 290 mg, 295 mg,
300 mg, 305 mg, 310 mg, 315 mg, 320 mg, 325 mg, 330 mg,
335 mg, 340 mg, 345 mg, 350 mg, 355 mg, 360 mg, 365 mg,
370 mg, 375 mg, 380 mg, 385 mg, 390 mg, 395 mg, 400 mg,
405 mg, 410 mg, 415 mg, 420 mg, 425 mg, 430 mg, 435 mg,
440 mg, 445 mg, 450 mg, 455 mg, 460 mg, 465 mg, 470 mg,
475 mg, 480 mg, 485 mg, 490 mg, 495 mg, S00 mg, 505 mg,
J10mg, 515 mg, 520 mg, 525 mg, 530 mg, 535 mg, 540 mg,
245 mg, 530 mg, 555 mg, 560 mg, 565 mg, 570 mg, 375 mg,
380 mg, 385 mg, 590 mg, 595 mg, 600 mg, 605 mg, 610 mg,
615 mg, 620 mg, 625 mg, 630 mg, 635 mg, 640 mg, 645 mg,
650 mg, 655 mg, 660 mg, 665 mg, 670 mg, 675 mg, 630 mg,
635 mg, 690 mg, 695 mg, 700 mg, 705 mg, 710 mg, 715 mg,
720mg, 725 mg, 730 mg, 735 mg, 740 mg, 745 mg, 750 mg,
755 mg, 760 mg, 765 mg, 770 mg, 775 mg, 780 mg, 785 mg,
790 mg, 795 mg, 300 mg, or 850 mg or more.

In alternative embodiments, amicroRNA (e.g., an miRNA -
103 or anti-miRNA-103) of the invention 1s administered as a
pharmaceutical agent, e.g., a sterile formulation, e.g., a lyo-
philized microRNA that 1s reconstituted with a suitable dilu-
ent, e.g., sterile water for injection or sterile saline for injec-
tion. In alternative embodiments the reconstituted product 1s
administered as a subcutaneous 1njection or as an intravenous
infusion after dilution into saline. In alternative embodiments
the lyophilized drug product comprises microRNA prepared
in water for injection, or 1n saline for injection, adjusted to
about pH 7.0 to 9.0 with acid or base during preparation, and
then lyophilized. In alternative embodiments a lyophilized
microRNA of the mvention (e.g., an miRNA-103 or anti-
miRNA-103)1s between about 25 to 800 or more mg, or about
10, 15, 20, 25, 30, 35, 40, 45, 50,775,100, 125,150, 175, 200,
225, 250, 275,300, 325, 350, 375, 423, 450, 475, 500, 525,
550, 575, 600, 625, 6350, 675,700, 725,750,775, 800 or 850
mg or more of a microRNA of the invention. The lyophilized
microRNA of the invention can be packaged i a 2 mL Type
I, clear glass vial (e.g., ammonium sulfate-treated), e.g., stop-
pered with a bromobutyl rubber closure and sealed with an
aluminum overseal.

Combination Formulations and Treatments

In alternative embodiments, the imvention provides com-
positions and methods comprising use of both a microRINA
(e.g., an miRNA-103 or anti-miRNA-103, or equivalents
thereol, including chemically modified and stablllzed forms
thereol) of the invention, and at least one additional compo-
sition, drug, nutrient, or treatment. The additional composi-
tion, drug, nutrient, or treatment can be another microRNA,
an s1IRNA, a nucleic acid, an inhibitory nucleic acid such as an
antisense DNA or RNA, a lipid, a polysaccharide, a protein or
a peptide, a small molecule, a drug, a nanoparticle, a radio-
1sotope or radionuclide, and the like. In alternative embodi-
ments, the additional composition, drug, nutrient, or treat-
ment can be administered before, with or after administration
of a microRNA used to practice this invention, or can be
co-formulated with a microRNA used to practice this mven-
tion.

For example, 1n alternative embodiments, when adminis-
tering compositions of the invention that induce apoptosis or
cell death, or when practicing methods of the invention that
induce apoptosis or cell death (e.g., expression of or admin-
istration of miR-103), the at least one additional composition,
drug, nutrient, or treatment that can cause or increase the
amount of DNA damage and/or inhibit a poly(ADP-ribose)
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polymerase (PARP), for example, practicing the invention
can further comprise use of or administration of: an inhibitor
of poly(ADP-ribose) polymerase (PARP) such as: an
iniparib, an olaparib, a veliparib, a rucaparib or a 3-ami-
nobenzamide; and/or a DNA damaging agent such as: a cis-
platin (e.g., PLATIN™), a carboplatin (e.g., PARAPL-
ATIN™) an oxaliplatin (e.g., ELOXATIN™), an etoposide
(e.g., ETOPOPHOS™) or a doxorubicin (e.g., DOXIL™) or
another topoisomerase inhibitor (e.g., teniposide (e.g.,
VUMONT™™)  doxorubicin, daunorubicin, mitoxantrone,
amsacrine, ellipticine, aurintricarboxylic acid, irinotecan,
topotecan, camptothecin and lamellarin D), radiation and
their derivatives. In alternative embodiments, the drug 1s, or
drugs are, co-formulated with, or 1s administered with, a
composition of the mvention, e.g., a microRNA-103
(mi1RNA-301, or miR301) or equivalents thereof, including
chemically modified and stabilized forms of miR301.
microRINA Modifications

In alternative embodiments, the mvention provides com-
positions and methods comprising 1 vivo delivery of
microRNAs (e.g., an miRNA-103 or anti-miRNA-103). In
practicing the invention, the microRNAs can be modified,
¢.g., 1n alternative embodiments, at least one nucleotide of
microRNA construct 1s modified, e.g., to improve its resis-
tance to nucleases, serum stability, target specificity, blood
system circulation, tissue distribution, tissue penetration, cel-
lular uptake, potency, and/or cell-permeability of the poly-
nucleotide. In alternative embodiments, the microRNA con-
struct 1s unmodified. In other embodiments, at least one
nucleotide in the microRNA construct 1s modified.

In alternative embodiments, guide strand modifications are
made to 1ncrease nuclease stability, and/or lower interferon
induction, without significantly decreasing microRNA activ-
ity (or no decrease 1 microRNA activity at all). In certain
embodiments, the modified microRNA constructs have
improved stability in serum and/or cerebral spinal fluid com-
pared to an unmodified structure having the same sequence.

In alternative embodiments, a modification includes a 2'-H
or 2'-modified ribose sugar at the second nucleotide from the
S'-end of the guide sequence. In alternative embodiments, the
guide strand (e.g., at least one of the two single-stranded
polynucleotides) comprises a 2'-O-alkyl or 2'-halo group,
such as a 2'-O-methyl modified nucleotide, at the second
nucleotide on the 5'-end of the guide strand, or, no other
modified nucleotides. In alternative embodiments, poly-
nucleotide constructs having such modification may have
enhanced target specificity or reduced off-target silencing
compared to a similar construct without the 2'-O-methyl
modification at the position.

In alternative embodiments, a second nucleotide 1s a sec-
ond nucleotide from the 5'-end of the single-stranded poly-
nucleotide. In alternative embodiments, a “2'-modified ribose
sugar”’ comprises ribose sugars that do not have a 2'-OH
group. In alternative embodiments, a “2'-modified ribose
sugar’ does not include 2'-deoxyribose (found 1n unmodified
canonical DNA nucleotides), although one or more DNA
nucleotides may be included 1n the subject constructs (e.g., a
single deoxyribonucleotide, or more than one deoxyribo-
nucleotide 1n a stretch or scattered in several parts of the
subject constructs). For example, the 2'-modified rnbose sugar
may be 2'-O-alkyl nucleotides, 2'-deoxy-2'-fluoro nucle-
otides, 2'-deoxy nucleotides, or combination thereof.

In alternative embodiments, a microRNA construct of the
invention comprises one or more 5'-end modifications, €.g., as
described above, and can exhibit a significantly (e.g., at least
about 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%.,
70%, 75%, 80%, 85%, 90% or more) less “off-target” gene
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silencing when compared to similar constructs without the
specified 5'-end modification, thus greatly improving the
overall specificity of the microRNA construct of the mven-
tion.

In alternative embodiments, a microRNA construct of the
invention comprises a guide strand modification that further
increase stability to nucleases, and/or lowers interferon
induction, without significantly decreasing microRINA activ-
ity (or no decrease 1n microRNA activity at all). In alternative
embodiments, the 5'-stem sequence comprises a 2'-modified
ribose sugar, such as 2'-O-methyl modified nucleotide, at the
second nucleotide on the 3'-end of the polynucleotide, or, no
other modified nucleotides. In alternative embodiments the
hairpin structure having such modification has enhanced tar-
get specificity or reduced off-target silencing compared to a
similar construct without the 2'-O-methyl modification at
same position.

In alternative embodiments, the 2'-modified nucleotides
are some or all of the pyrimidine nucleotides (e.g., C/U).
Examples of 2'-O-alkyl nucleotides include a 2'-O-methyl
nucleotide, or a 2'-O-allyl nucleotide. In alternative embodi-
ments, the modification comprises a 2'-O-methyl modifica-
tion at alternative nucleotides, starting from either the first or
the second nucleotide from the 5'-end. In alternative embodi-
ments, the modification comprises a 2'-O-methyl modifica-
tion of one or more randomly selected pyrimidine nucleotides
(C or U). In alternative embodiments, the modification com-
prises a 2'-O-methyl modification of one or more nucleotides
within the loop.

In alternative embodiments, the modified nucleotides are
modified on the sugar moiety, the base, and/or the phosphodi-
ester linkage. In alternative embodiments the modification
comprise a phosphate analog, or a phosphorothioate linkage;
and the phosphorothioate linkage can be limited to one or
more nucleotides within the loop, a 3'-overhang, and/or a
3'-overhang.

In alternative embodiments, the phosphorothioate linkage
may be limited to one or more nucleotides within the loop,
and 1, 2,3, 4, 5, or 6 more nucleotide(s) of the guide sequence
within the double-stranded stem region just 5' to the loop. In
alternative embodiments, the total number ol nucleotides
having the phosphorothioate linkage may be about 12-14. In
alternative embodiments, all nucleotides having the phospho-
rothioate linkage are not contiguous. In alternative embodi-
ments, the modification comprises a 2'-O-methyl modifica-
tion, or, no more than 4 consecutive nucleotides are modified.
In alternative embodiments, all nucleotides 1n the 3'-end stem
region are modified. In alternative embodiments, all nucle-
otides 3' to the loop are modified.

In alternative embodiments, the 5'- or 3'-stem sequence
comprises one or more universal base-pairing nucleotides. In
alternative embodiments universal base-pairing nucleotides
include extendable nucleotides that can be incorporated into
a polynucleotide strand (either by chemical synthesis or by a
polymerase), and pair with more than one pairing type of
specific canonical nucleotide. In alternative embodiments,
the universal nucleotides pair with any specific nucleotide. In
alternative embodiments, the universal nucleotides pair with
four pairings types of specific nucleotides or analogs thereof.
In alternative embodiments, the universal nucleotides pair
with three pairings types of specific nucleotides or analogs
thereof. In alternative embodiments, the unmiversal nucle-
otides pair with two pairings types of specific nucleotides or
analogs thereof.

In alternative embodiments, a microRNA of the invention
comprises a modified nucleoside, e.g., a sugar-modified
nucleoside. In alternative embodiments, the sugar-modified
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nucleosides can further comprise a natural or modified het-
erocyclic base moiety and/or a natural or modified inter-
nucleoside linkage; or can comprise modifications indepen-
dent from the sugar modification. In alternative
embodiments, a sugar modified nucleoside 1s a 2'-modified
nucleoside, wherein the sugar ring 1s modified at the 2' carbon
from natural ribose or 2'-deoxy-ribose.

In alternative embodiments, a 2'-modified nucleoside has a
bicyclic sugar moiety. In certain such embodiments, the bicy-
clic sugar moiety 1s a D sugar 1n the alpha configuration. In
certain such embodiments, the bicyclic sugar moiety 1s a D
sugar 1n the beta configuration. In certain such embodiments,
the bicyclic sugar moiety 1s an L sugar 1n the alpha configu-
ration. In alternative embodiments, the bicyclic sugar moiety
1s an L sugar 1n the beta configuration.

In alternative embodiments, the bicyclic sugar moiety
comprises a bridge group between the 2' and the 4'-carbon
atoms. In alternative embodiments, the bridge group com-
prises from 1 to 8 linked biradical groups. In alternative
embodiments, the bicyclic sugar moiety comprises from 1 to

4 linked biradical groups. In alternative embodiments, the
bicyclic sugar moiety comprises 2 or 3 linked biradical
groups.

In alternative embodiments, the bicyclic sugar moiety
comprises 2 linked biradical groups. In alternative embodi-

ments, a linked biradical group 1s selected from —O—,

S—, —N(RI1)-, —CRID(R,)— —C(R1)=C(R1)-,
—C(R1)=N—, —C(=NR1)-, —S1(R1)(R,)—,
—S(:O)2 . S(:O:} . C(:O)— and —C(:S)—;

where each R1 and R, 1s, independently, H, hydroxyl, C1 to

C,, alkyl, substituted C1-C12 alkyl, C,-C12 alkenyl, substi-
tuted C,-C12 alkenyl, C,-C,, alkynyl, substituted C,-C12
alkynyl, C,-C20 aryl, substituted C,-C20 aryl, a heterocycle
radical, a substituted heterocycle radical, heteroaryl, substi-
tuted heteroaryl, C,-C, alicyclic radical, substituted C,-C,
alicyclic radical, halogen, substituted oxy (—O—), amino,
substituted amino, azido, carboxyl, substituted carboxyl,
acyl, substituted acyl, CN, thiol, substituted thiol, sulfonyl
(S(=0),—H), substituted sultonyl, sulfoxyl (S(=0)—H)
or substituted sulfoxyl; and each substituent group 1s, inde-
pendently, halogen, C1-C,, alkyl, substituted C1-C, , alkyl,
C,-C,, alkenyl, substituted C,-C,, alkenyl, C,-C,, alkynyl,
substituted C,-C,, alkynyl, amino, substituted amino, acyl,
substituted acyl, C1-C,, aminoalkyl, C1-C,, aminoalkoxy,
substituted C1-C,, aminoalkyl, substituted C1-C,, ami-
noalkoxy or a protecting group.

In alternative embodiments, the bicyclic sugar moiety 1s
bridged between the 2' and 4' carbon atoms with a biradical
group selected from O—(CH, )x-, O—CH,—,

O—CH,CH,—, —0O—CH(alkyl)-, —NH—(CH2)P—,
—N(alky])-(CH,)x-, —O—CH(alkyl)-, —(CH(alkyl))—
(CH,)x-, —NH—0O—(CH2)x-, —N(alkyl)-O—(CH, )x-, or

O—N(alky])-(CH,)x-, wherein x 1s 1, 2, 3, 4 or 5 and each
alkyl group can be further substituted. In certain embodi-
ments, x 1s 1, 2 or 3.

In alternative embodiments, a 2'-modified nucleoside com-
prises a 2'-substituent group selected from halo, allyl, amino,
azido, SH, CN, OCN, CF,, OCF;, O—, S—, or N(Rm)-alkyl;
O—, S—, or N(Rm)-alkenyl; O—, S— or N(Rm)-alkynyl;
O-alkylenyl-O-alkyl, alkynyl, alkaryl, aralkyl, O-alkaryl,
O-aralkyl, O(CH,),SCH;, O—(CH,),—0O—N(Rm)(Rn) or
O—CH2-C(=0)—N(Rm)(Rn), where each Rm and Rn 1s,
independently, H, an amino protecting group or substituted or
unsubstituted C1-C10 alkyl. These 2'-substituent groups can
be further substituted with one or more substituent groups
independently selected from hydroxyl, amino, alkoxy, car-
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boxy, benzyl, phenyl, nitro (NO.sub.2), thiol, thioalkoxy
(S-alkyl), halogen, alkyl, aryl, alkenyl and alkynyl.

In alternative embodiments, a 2'-modified nucleoside com-
prises a 2'-substituent group selected from F, O—CH,, and
OCH,CH,OCH,.

In alternative embodiments, a sugar-modified nucleoside 1s
a 4'-thio modified nucleoside. In alternative embodiments, a
sugar-modified nucleoside 1s a 4'-thio-2'-modified nucleo-
side. In alternative embodiments a 4'-thio modified nucleo-
side has a .beta.-D-ribonucleoside where the 4'-O replaced
with 4'-S. A 4'-thio-2'-modified nucleoside 1s a 4'-thio modi-
fied nucleoside having the 2'-OH replaced with a 2'-substitu-
ent group. In alternative embodiments 2'-substituent groups
include 2'-OCH3,2'-O—(CH2).sub.2-OCH3, and 2'-F.

In alternative embodiments, a modified oligonucleotide of
the present invention comprises one or more nternucleoside
modifications. In alternative embodiments, each internucleo-
side linkage of a modified oligonucleotide 1s a modified inter-
nucleoside linkage. In alternative embodiments, a modified
internucleoside linkage comprises a phosphorus atom.

In alternative embodiments, a modified microRNA com-
prises at least one phosphorothioate internucleoside linkage.
In certain embodiments, each internucleoside linkage of a
modified oligonucleotide 1s a phosphorothioate internucleo-
side linkage.

In alternative embodiments, a modified internucleoside
linkage does not comprise a phosphorus atom. In alternative
embodiments, an internucleoside linkage 1s formed by a short
chain alkyl internucleoside linkage. In alternative embodi-
ments, an mternucleoside linkage 1s formed by a cycloalkyl
internucleoside linkages. In alternative embodiments, an
internucleoside linkage 1s formed by a mixed heteroatom and
alkyl internucleoside linkage. In alternative embodiments, an
internucleoside linkage 1s formed by a mixed heteroatom and
cycloalkyl mternucleoside linkages. In alternative embodi-
ments, an internucleoside linkage 1s formed by one or more
short chain heteroatomic internucleoside linkages. In alterna-
tive embodiments, an internucleoside linkage 1s formed by
one or more heterocyclic internucleoside linkages. In alter-
native embodiments, an internucleoside linkage has an amide
backbone, or an internucleoside linkage has mixed N, O, S
and CH2 component parts.

In alternative embodiments, a modified oligonucleotide
comprises one or more modified nucleobases. In certain
embodiments, a modified oligonucleotide comprises one or
more S-methylcytosines, or each cytosine of a modified oli-
gonucleotide comprises a 5-methylcytosine.

In alternative embodiments, a modified nucleobase com-
prises a S-hydroxymethyl cytosine, 7-deazaguanine or 7-dea-
zaadenine, or a modified nucleobase comprises a 7-deaza-
adenine, 7-deazaguanosine, 2-aminopyridine or a
2-pyridone, or a modified nucleobase comprises a 5-substi-
tuted pyrimidines, 6-azapyrimidines and N-2, N-6 and O-6
substituted purines, or a 2 aminopropyladenine, 5-propyny-
luracil or a 3-propynylcytosine.

In alternative embodiments, a modified nucleobase com-
prises a polycyclic heterocycle, or a tricyclic heterocycle; or,
a modified nucleobase comprises a phenoxazine derivative,
or a phenoxazine further modified to form a nucleobase or
G-clamp.

Nanoparticles and Liposomes

The mvention also provides nanoparticles and liposomal
membranes comprising compounds used to practice the
invention, e.g., microRNA-103 or anti-microRNA-103.
Thus, 1 alternative embodiments, the invention provides
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nanoparticles and liposomal membranes targeting diseased
and/or tumor (cancer) stem cells and dysfunctional stem cells,
and angiogenic cells.

In alternative embodiments, the invention provides nano-
particles and liposomal membranes comprising (1in addition
to comprising compounds used to practice the methods of the
invention) molecules, that selectively target abnormally
growing, diseased, infected, dysfunctional and/or cancer (tu-
mor) cell receptors. In alternative embodiments, the invention
provides nanoparticles and liposomal membranes using
IL-11 receptor and/or the GRP7/8 receptor to targeted recep-
tors on cells, e.g., on tumor cells, e.g., on prostate or ovarian
cancer cells. See, e.g., U.S. patent application publication no.
20060239968.

In one aspect, the compositions used to practice the inven-
tion are specifically targeted for inhibiting, ameliorating and/
or preventing endothelial cell migration and for ihibiting
anglogenesis, €.g., tumor-associated or disease- or infection-
associated neovasculature.

The mvention also provides nanocells to allow the sequen-
tial delivery of two different therapeutic agents with different
modes of action or different pharmacokinetics, at least one of
which comprises a composition used to practice the methods
of the invention. A nanocell 1s formed by encapsulating a
nanocore with a first agent inside a lipid vesicle containing a
second agent; see, €.g., Sengupta, et al., U.S. Pat. Pub. No.
20050266067. The agent 1n the outer lipid compartment 1s
released first and may exert its effect before the agent in the
nanocore 1s released. The nanocell delivery system may be
formulated 1n any pharmaceutical composition for delivery to
patients suflering from a diseases or condition as described
herein, e.g., such as a retinal age-related macular degenera-
tion, a diabetic retinopathy, a cancer or carcinoma, a glioblas-
toma, a neuroma, a neuroblastoma, a colon carcinoma, a
hemangioma, an infection and/or a condition with at least one
inflammatory component, and/or any infectious or inflamma-
tory disease, such as a rheumatoid arthritis, a psoriasis, a
fibrosis, leprosy, multiple sclerosis, inflammatory bowel dis-
ease, or ulcerative colitis or Crohn’s disease.

In treating cancer, a traditional antineoplastic agent 1s con-
tained 1n the outer lipid vesicle of the nanocell, and an anti-
angiogenic agent of this invention 1s loaded into the nanocore.
This arrangement allows the antineoplastic agent to be
released first and delivered to the tumor before the tumor’s
blood supply 1s cut off by the composition of this invention.

The mvention also provides multilayered liposomes com-
prising compounds used to practice this invention, e.g., for
transdermal absorption, e.g., as described 1n Park, et al., U.S.
Pat. Pub. No. 20070082042. The multilayered liposomes can
be prepared using a mixture of oil-phase components com-
prising squalane, sterols, ceramides, neutral lipids or oils,
fatty acids and lecithins, to about 200 to 5000 nm 1n particle
s1Ze, to entrap a composition of this invention.

A multilayered liposome used to practice the mvention
may further include an antiseptic, an antioxidant, a stabilizer,
a thickener, and the like to improve stability. Synthetic and
natural antiseptics can be used, e.g., 1n an amount 01 0.01% to
20%. Antioxidants can be used, e.g., BHT, erysorbate, toco-
pherol, astaxanthin, vegetable flavonoid, and derivatives
thereol, or a plant-dertived antioxidizing substance. A stabi-
lizer can be used to stabilize liposome structure, e.g., polyols
and sugars. Exemplary polyols include butylene glycol, poly-
cthylene glycol, propylene glycol, dipropylene glycol and
cthyl carbitol; examples of sugars are trehalose, sucrose,
mannitol, sorbitol and chitosan, or a monosaccharides or an
oligosaccharides, or a high molecular weight starch. A thick-
ener can be used for improving the dispersion stability of
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constructed liposomes 1n water, €.g., a natural thickener or an
acrylamide, or a synthetic polymeric thickener. Exemplary
thickeners include natural polymers, such as acacia gum,
xanthan gum, gellan gum, locust bean gum and starch, cellu-
lose derivatives, such as hydroxy ethylcellulose, hydroxypro-
pyl cellulose and carboxymethyl cellulose, synthetic poly-
mers, such as polyacrylic acid, poly-acrylamide or
polyvinylpyrollidone and polyvinylalcohol, and copolymers
thereot or cross-linked matenals.

Liposomes can be made using any method, e.g., as
described 1n Park, et al., U.S. Pat. Pub. No. 20070042031,
including method of producing a liposome by encapsulating
a therapeutic product comprising providing an aqueous solu-
tion 1n a first reservoir; providing an organic lipid solution in
a second reservoir, wherein one of the aqueous solution and
the organic lipid solution includes a therapeutic product; mix-
ing the aqueous solution with said organic lipid solution 1n a
first mixing region to produce a liposome solution, wherein
the organic lipid solution mixes with said aqueous solution so
as to substantially instantaneously produce a liposome encap-
sulating the therapeutic product; and immediately thereafter
mixing the liposome solution with a butler solution to pro-
duce a diluted liposome solution.

The ivention also provides nanoparticles comprising
compounds used to practice this invention to deliver a com-
position of the invention as a drug-containing nanoparticles
(e.g., a secondary nanoparticle), as described, e.g., n U.S.
Pat. Pub. No. 20070077286. In one embodiment, the inven-
tion provides nanoparticles comprising a fat-soluble drug of
this 1invention or a fat-solubilized water-soluble drug to act
with a bivalent or trivalent metal salt.

Liposomes

The compositions and formulations used to practice the
invention can be delivered by the use of liposomes. By using
liposomes, particularly where the liposome surface carries
ligands specific for target cells, or are otherwise preferentially
directed to a specific organ, one can focus the delivery of the
actrve agent into target cells 1n vivo. See, e.g., U.S. Pat. Nos.
6,063,400; 6,007,839; Al-Muhammed (1996) J. Microencap-
sul. 13:293-306; Chonn (1995) Curr. Opin. Biotechnol.
6:698-708; Ostro (1989) Am. J. Hosp. Pharm. 46:1576-1587.
For example, 1n one embodiment, compositions and formu-
lations used to practice the invention are delivered by the use
of liposomes having rigid lipids having head groups and
hydrophobic tails, e.g., as using a polyethyleneglycol-linked
lipid having a side chain matching at least a portion the lipid,
as described e.g., in US Pat App Pub No. 20080089928. In
another embodiment, compositions and formulations used to
practice the invention are delivered by the use of amphoteric
liposomes comprising a mixture of lipids, e.g., a mixture
comprising a cationic amphiphile, an anionic amphiphile
and/or neutral amphiphiles, as described e.g., in US Pat App
Pub No. 20080088046, or 20080031937. In another embodi-
ment, compositions and formulations used to practice the
invention are delivered by the use of liposomes comprising a
polyalkylene glycol moiety bonded through a thioether group
and an antibody also bonded through a thioether group to the

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 2

<210> SEQ ID NO 1

<211> LENGTH: 23

<212> TYPE: RNA

<213> ORGANISM: artificial sequence
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liposome, as described e.g., m US Pat App Pub No.
200800142535. In another embodiment, compositions and for-
mulations used to practice the invention are delivered by the
use of liposomes comprising glycerides, glycerophospholip-
ides, glycerophosphinolipids, glycerophosphonolipids, sul-
folipids, sphingolipids, phospholipids, i1soprenolides, ste-
roids, stearines, sterols and/or carbohydrate containing lipids,
as described e.g., in US Pat App Pub No. 20070148220.

Therapeutically Effective Amount and Dose

In alternative embodiment, pharmaceutical compositions
and formulations used to practice the invention can be admin-
istered for prophylactic and/or therapeutic treatments; for
example, the mvention provides methods for treating, pre-
venting or ameliorating: a disease or condition associated
with dysfunctional cells or blood vessel growth, a retinal
age-related macular degeneration, a diabetic retinopathy, a
cancer or carcinoma, a glioblastoma, a neuroma, a neuroblas-
toma, a colon carcinoma, a hemangioma, an infection and/or
a condition with at least one inflammatory component, and/or
any infectious or inflammatory disease, such as a rheumatoid
arthritis, a psoriasis, a fibrosis, leprosy, multiple sclerosis,
inflammatory bowel disease, or ulcerative colitis or Crohn’s
disease. In therapeutic applications, compositions are admin-
istered to a subject already suitering from a condition, infec-
tion or disease 1n an amount sufficient to cure, alleviate or
partially arrest the clinical manifestations of the condition,
infection or disease (e.g., disease or condition associated with
dysfunctional blood vessel growth, dystunctional cell or can-
cer stem cell growth) and 1ts complications (a “therapeuti-
cally effective amount™). In the methods of the invention, a
pharmaceutical composition 1s administered in an amount
suificient to treat (e.g., ameliorate) or prevent a disease or
condition associated with dystunctional blood vessel growth.
The amount of pharmaceutical composition adequate to
accomplish this 1s defined as a “therapeutically effective
dose.” The dosage schedule and amounts effective for this
use, 1.e., the “dosing regimen,” will depend upon a variety of
factors, including the stage of the disease or condition, the
severity of the disease or condition, the general state of the
patient’s health, the patient’s physical status, age and the like.
In calculating the dosage regimen for a patient, the mode of
administration also 1s taken 1nto consideration.

Kits and Instructions

The invention provides kits comprising compositions for
practicing the methods of the mvention, including nstruc-
tions for use thereof. In alternative embodiments, the inven-
tion provides kits comprising microRNA-103 or anti-mi-
croRNA-103. In alternative embodiments, the invention
provides kits comprising a composition, product of manufac-
ture, or mixture or culture of cells for practicing a method of
the mvention; wherein optionally the kit further comprises
instructions for practicing a method of the invention.

A number of embodiments of the invention have been
described. Nevertheless, 1t will be understood that various
modifications may be made without departing from the spirit
and scope of the invention. Accordingly, other embodiments
are within the scope of the following claims.
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-continued

<220> FEATURE:
<223> OTHER INFORMATION: synthetic oligonucleotide
<400> SEQUENCE: 1

agcagcauug uacagggcua uga

<210>
<211>
<«212>
<213>
<220>
<223 >

SEQ ID NO 2

LENGTH: 62

TYPE: DNA

ORGANISM: artificial sequence
FEATURE:

OTHER INFORMATION: synthetic oligonucleotide

<400> SEQUENCE: 2

tcatagccct gtacaatgcect gcecttgatcca tatgcaacaa ggcagcactg taaagaagcc

ga

What 1s claimed 1s:

1. A method for inhibiting DNA repair enzymes TREX1
and TREX2, or destabilizing a DNA repair response of a cell,
or forcing or stimulating a cell to undergo cell cycle arrest or
cell death, comprising:

(a) providing a composition comprising a microRNA-103
(mi1RNA-103, or miR103) or equivalents thereof, or
chemically modified and stabilized forms of miR-103,
and/or a FANCF gene expression-inhibiting composi-
tion or a FANCF gene expression-inhibiting microRNA

or siIRNA: and

(b) administering a suificient amount of the composition,
microRNA-103 or equivalents, and/or a FANCF gene
expression-inhibiting composition or a FANCFE gene
expression-inhibiting microRNA or siRNA, to inhibit
DNA repair enzymes TREX1 and TREX2, or destabilize
a DNA repair response of a cell, or force or stimulate a
cell to undergo cell cycle arrest or cell death.

2. The method of claim 1, wherein the composition com-

prises a pharmaceutical composition administered in vivo.

3. The method of claim 1, wherein the composition 1s
administered intravenously (IV), or by vessel-targeted nano-
particle or liposome delivery.

4. The method of claim 1, wherein the composition admin-
istered to ihibit DNA repair enzymes TREX1 and TREX2,
or destabilize a DNA repair response of a cell, or force or
stimulate a cell to undergo cell cycle arrest or cell death
comprises a microRNA-103 (miRNA-103, or miR103).

5. The method of claim 2, wherein the pharmaceutical
composition 1s formulated for admimistration parenterally,
topically, orally, by local administration, by aerosol or trans-
dermally.

6. The method of claim 2, wherein the pharmaceutical
composition 1s formulated for admimstration as a lipid, a
nanoparticle, a tablet, a capsule or a spray.

7. The method of claim 2, wherein the microRNA-103, the
chemically modified or stabilized forms of miR-103, the
FANCF gene expression-inhibiting composition or the
FANCF gene expression-inhibiting microRNA or siRNA ar
formulated as a lyophilized microRNA or a lyophilized com-
position.

8. The method of claim 7, wherein the lyophilized
microRNA or lyophilized composition are reconstituted with
a diluent.

9. The method of claim 8, wherein the diluent comprises a
sterile water or a sterile saline for injection.
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10. The method of claim 8, wherein the reconstituted
microRNA or composition are administered as a subcutane-
ous 1njection or as an intravenous infusion.

11. The method of claim 1, wherein the composition
administered to inhibit DNA repair enzymes TREX1 and
TREX2, or destabilize a DNA repair response of a cell, or
force or stimulate a cell to undergo cell cycle arrest or cell
death comprises a FANCF gene expression-inhibiting com-
position.

12. The method of claim 1, wherein the composition
administered to inhibit DNA repair enzymes TREX1 and
TREX2, or destabilize a DNA repair response of a cell, or
force or stimulate a cell to undergo cell cycle arrest or cell
death comprises a FANCF gene expression-inhibiting
microRINA or siRNA.

13. The method of claim 1, wherein the composition
administered to inhibit DNA repair enzymes TREX1 and
TREX2, or destabilize a DNA repair response of a cell, or
force or stimulate a cell to undergo cell cycle arrest or cell

death comprises a chemically modified and stabilized forms
of miR-103.

14. The method of claim 1, wherein the microRNA com-
prise one or more S'-end modifications, or a guide strand
modification.

15. The method of claim 14, wherein the 5'-stem modifi-
cation comprises a 2'-modified ribose sugar or a 2'-modified
nucleotide.

16. The method of claim 14, wherein the 2'-modified nucle-
otide comprises a 2'-O-methyl modified nucleotide or a 2'-O-
allyl nucleotide.

17. The method of claim 1, wherein the microRNA or
s1IRNA comprise a phosphorothioate linkage or a 2'-O-methyl
modification.

18. The method of claim 1, wherein the microRNA or
siRNNA comprise a sugar-modified nucleoside or a bicyclic
sugar moiety.

19. The method of claim 18, wherein the bicyclic sugar
moiety comprises a 2 linked biradical group, or the bicyclic
sugar moiety 1s bridged between the 2' and 4' carbon atoms

with a biradical group selected from —O—(CH2)x-,

O—CH2-, —O—CH2CH2-, —O—CH{alkyl)-, —NH—
(CH2)P—, —N(alkyl)-(CH2)x-, —O—CH(alkyl)-, —(CH
(alkyl))-(CH2)x-, —NH—0O—(CH2)x-, —N(alkyl)-O
(CH2)x-, or —O—N(alkyl)-(CH2)x-, wherein x 1s 1, 2, 3, 4
or 3.

20. The method of claim 18, wherein the sugar-modified
nucleoside comprises a 4'-thio modified nucleoside.

G ex x = e
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